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Reyrolle type-H high-performance distance protection 


incorporates the following important features : 


High speed for all types of fault 

Accurate measurement for exceptionally wide range 

of source to line impedance 

Negligible over-reach on D.C. transients 

Separate moving-coil elements for earth-faults and phase-faults 
All relay-elements identical and easily removable 
Self-contained design reduces panel wiring 


Built-in phase-selectors for single-phase auto-reclosing if required 


Applied to major transmission lines throughout the world 


Reyrolle 


A, REYROLLE G COMPANY LIMITED - HEBBURN - COUNTY DURHAM ~- ENGLAND 
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India again chooses... 


Five ‘ENGLISH ELECTRIC’ water turbine 
generating sets have been delivered to the 
Rihand Power Station. These sets were 
ordered by the Government of the State of 
Uttar Pradesh, India, following the com- 
missioning of the Khatima hydro-electric 
station for which the Company supplied and 





erected the entire plant and equipment. 

For the Rihand Station, the five turbines are 
of the Francis type with a head range of 
143/250 ft. and a rating at 225 ft. of 77,000 h.p., 
speed 150 r.p.m. The umbrella type alternators 
each generate 61,000 kVA, 0-9 p.f. at 11 kV. 


ENGLISH ELECTRIC 








hydro-electric equipment 


ECTRIC Company LIMITED, ENGLISH ELECTRIC House, STRAND, LONDON, 


Hydro-electric Department, Dunnings Bridge Road, Netherton, Bootle, 10 


STAFFORD PRESTON RUGBY 


1961 


BRADFORD LIVERPOOL 
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the most powerful hydro- 
electric plant in Europe 





Vertical-shaft 124 950 kW Francis turbine 


The most powerful hydro-electric plant in Europe has been built at 
Aldeadavila on the River Douro in Northern Spain. 


The Aldeadavila Dam is 139 metres high, with a crest length of 250 
metres and a total storage volume of 115 cubic metres of water. Its 
main equipment is as follows: 


Six vertical-shaft 124 950 kW Francis turbines each producing 170 000 
metric horse power under a 139 metres head at 187 r.p.m. 

Six water intake caterpillar gates, each measuring 6.20 metres high 
by 3.90 metres wide, operating under a head of 35 metres. 

Two surface spillway sector gates, each measuring 9.50 metres high 
by 12.50 metres wide, operating under a head of 9.50 metres. 


Two bottom outlet caterpillar gates, each measuring 3.50 metres 
high by 2 metres wide, operating under a head of 113.50 metres. 


Two 2.50 metres diameter hollow-jet free discharge valves operating 
under a head of 112 metres. 


All the above equipment was manufactured by NEYRPIC 


NEYRPIC 


Avenue de Beauvert —- BP 52 
Grenoble - tél 44-55-30 as 
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Hydro-electric Board 
q Output 
No. of [| Head § Speed § per Unit 
@ PLANT Units ft. r.p.m.— B.H.P. 

7 @ 
> _ Vy Pitlochry 2 47 167 | 10,900 

oy yA 
. oJ Morar 2 26 333 730 
@ Torr Achilty 2 47 167 | 10,900 
. Loyne i 39 434 735 
4 “a P & Lubreoch I 90 334 5,600 
, oe Dalchonzie i 97 334 5,600 
my Ad Lairg I 37 167 4,900 
Shin Weir I 19 434 145 

“ c/ 
0) : yf Dundreggan Dam I 46 41020 225 
// Aigas 2 53 187 | 14,000 
Kilmorack 2 $3 187 14,000 
Inverawe | 108 167 42,500 























BOVING & CO. LIMITED VILLIERS HOUSE 41-47 STRANQ LONDON W.C.2. 
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new from South Wales Switchgear! 


Truly weatherproof outdoor LOW TYPE 
oil circuit-breaker and oil switch equip- 
ment incorporating built-in earthing 
facilities in the circuit-breaker unit. 

This single busbar, all insulated, outdoor, metaiciad switchgear — 
for use in distribution systems up to 11kKV —is compact and neat 
in appearance, and absolutely weatherproof. The range is designed 
to accommodate oil circuit-breakers and oil switches and is fully 
extensible on either side. Covers at the top and rear of the unit 
allow easy access to busbars, current transformers and cable 
boxes. Ventilation louvres are provided in each unit. 


Write for further details 


, SOUTH WALES SWITCHGEAR LIMITED 


BLACKWOOD MONMOUTHSHIRE * WORKS AT TREFOREST AND BLACKWOOD 


SWITCHGEAR + FUSE- SWITCHGEAR - TRANSFORMERS + CONTROL BOARDS 
SW.35 
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Swedish State Power Board 


breaks 


WORLD RECORD 





For driving the Feed Tube the Swedish State 





Power Board decided to employ the Alimak 
Method and the Alimak Drilling Platform. The 


tube could then be driven full size in one step. 


The crew of six, using a specially designed 

Alimak Verken Raise-Climber, has now completed 

the 800 x 22-foot tube with an inclination of 

47°. The job was done in seven months — a For further information apply to 
ALIMAK 


world record for this type of construction. The 


estimated time using conventional methods was 





24 months. VERKEN AB 
SKELLEFTEA SWEDEN 
Cables: Alimak Telephone: 14230 Telex: 6883 
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ACNE Soc. pAb. Cewentt Arwart Tog. Manreuu 


Normal, special and prestressed 
reinforced concrete Penstocks of any 


diameter and pressure. 


-_ 


SURGE TOWER in prestressed reinforced 
concrete (Diameter 6 metres, Height 
60 metres) for the MEDUNA Hydro- 
electric Station of 


>.A.1.0. 4, 


SOCIETA AGRICOLA INDUSTRIALE PER 
LA CELLULOSA ITALIANA DI MILANO 














turbines near the Arctic Circle 


The 83,400 HP Kaplan turbines for Pirttikoski Power Station in Finland represent another example of our activities as 
suppliers of Hydraulic Installations throughout the world. These units are designed to operate at 115.4 rpm under 29 metres 


head with 232 cub. m/sec. developing unit outputs of 83,400 HP. 


Escher Wyss Ltd. Zurich/Switzerland 
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FOR THE WORLD'S HIGHEST VOLTAGE 


the air blast 
circuit breaker 


type AE 





A range of breakers 
S from 70 kV to 525 kV 


Breaking capacity : 
30,000 amp. rms. 


Besides properties peculiar to the 
technique of air blast circuit 
breakers the type AE apparaters 
provides: 





o Breaking with high r.r.r.v. and 
ability to interrupt a kilometric 
fault. 


Breaking of currents in 
unloaded power transformers 
with low overvoltages 


Low air consumption. 
Negligible burning of contacts. 


: <a> 


Ateliers de Constructions Electriques de 


25 CHEMIN DE CYPRIAN VILLEURBANNE (RHONE ) 


OF THE “COMPAGNI 





i ccmmnuimeeill 
GE/RANSMISSION LINE 







Ministry of the U.S.S.R. has 
entrusted to SAVOISIENNE the manufacturing of thres 
groups of three-phase transformation: 

two of 270 MVA and one of 300 MVA, intended for the 
transmission line of 525 KV, the only one in the world 
operating at present at this voltage. 


The Power stations 


The two groups of 270 MVA are each formed by three 
single-phase autotransformers of 90 MVA wit re 

windings and a voltage radio of 525V3/115V3+0o0r 
—10%/11 KV, and including an incorporated on-load 
tap changer on the 115 KV winding of + or —10 %Steps. 








SAVOISIENNE 


AIX-LES-BAINS (Savoie) 


NISENERALE D’ELECTRICITE” 























Shovel 





Hitacht Powe! 


y106 (0.6m) 
e 


There's little glamour about a machine designed for engineers by engineers - men 
who are unsatisfied with anything less than constant, top efficiency. 

The rugged Hitachi Convertible Shovel has been built for smooth and fast operation 
under the toughest conditions, from the tips of its wear-resistant cast steel dipper 
teeth to its stable, extra long and wide truck frame. The versatile Hitachi Convertible 
Shovel offers a choice of diesel engine or electric induction motor as prime mover, 
can be mounted on crawlers or truck for still higher mobility. The efficient Hitachi 
Convertible Shovel converts quickly and readily to dragline, drag shovel, clamshell, 
crane or piledriver. Literature and quotations gladly supplied on request. 


@) pitachi.Ltd. 


Toryo Japan 
Cable Address: ‘“‘HITACHY' TOKYO 
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For hydro-electric plants fine regulation of the water level 
is important. This is best achieved by discharging the up- 
stream water over the gate. Particularly suited for that 
purpose is the M.A.N. Flap Gate. A remarkable plant 
is the power station, shown in the picture, in the River Inn 
at Neuétting, with 5 gates of 18 m clear width and 8.5 m 
height each, height of flap 2.2 m. 


HYDRAULIC 
STRUCTURES 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 





r 


SAKAI IRON WORKS CO., LTD. 


HEAD OFFICE: WISHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “SAKATETSU TOKYO” 


at H 
with 
such 
prob 
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He’s a 
tough customer 


For Svenska Metallverken, that is. These Hasselblad cameras are precision 
jobs from start to finish — and precision starts with the component parts, 
many of which are supplied by us. Even the light alloy castings for the 
housings have to be made to a tolerance of + 0.002" (by our Viisby Division). 
A complicated part like the bayonet plate for holding the lens attachment, 
also of light alloy and anodized a silky black, is in places machined down to a 
thickness of 0.012" and with even smaller tolerances (at Skultuna), Eagle eyes 
at Hasselblads keep us on our toes — and the entire Metallverken organization, 
with its raw materials and research, help our manufacturing divisions keep 
such tough customers. But we welcome challenges — so if you have a tough 
problem, let us hear about it. Maybe we could help you too. 


SVENSKA METALLVERKEN iS 


EXPORT DIVISION +» VASTERAS +» SWEDEN 
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POWER LINE 
BUILDERS 
BENEFIT 100 








at Svenska Metall- 
department has been 





Most of the machi 
verken's Feral Ca 
designed specifically for the metals in question 
— in this case aluminium. Here automatic 
devices help production and offset human 
failings. Coils of wire rod are welded together 
before drawing. Large wirebars mean longer 
rod coils and fewer welds — and even before 
being coiled, an electronic device has detected 
any defects in the rod. Then again, there is 
in automatic device for stopping the machines 
as soon as a predetermined length of wire 
has been spooled into the reels of the standing 
machines — where it finally becomes Feral 
Cable, reliable Swedish ACSR. 


Puch-button operated continuous rod- 
mill at Svenska Metallverken’s Feral 
Cable department. 


MANUFACTURERS OF 


FERAL CABLE A.C.S.R. 
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+GF+ Quality 
Steel 
Castings 


have been chosen for the 
most famous 
pump storage schemes: 

















Ffestiniog Pump casings, 
impellers, 
Francis runners 

Liinersee Pump casings, 


impellers, wheels for 
hydraulic torque 
convertors, 

Pelton runners 


Gougra Motec Pump casing, Pelton 
runners, rotary valves 





George Fischer Limited 
Schaffhausen, Switzerland 
Telephone: (053) 56031 /5 7031 
Telegrams: Geofischer 
Sg 716/4 
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_ of the 180,000 RVA 13°2/120 kV three a 
- - 60 cycles transformers being lowered into 
the hold of the ship at Manchester, England e 
route for Lewiston. y 
' 





i... 








Ferranti Ltd. are proud to have supplied six 180,000 kVA 13°2/240 kV 
and seven 13°2/120 kV three phase Generator Transformers for the 
f the Power Authority of the State of New York. 








Lewiston Power Plant o 






The transformers are forced-oil, forced-water cooled, inert gas-filled type. 


and each will be directly coupled to a 167,000 kVA three phase Generator. 








Osan 


FERRANTI TRA 
NSF 
FERRANT!I L ORMERS ARE FAMOUS THROUGHOUT 
TD - HOLLINWOOD - LANCS THE WORLD 


London Office 
: KE 
RN HOUSE -:- Tetephone: FAlisworth 2000 


36 KINGSWAY -:- 
W.C.2 + Telephone: TEMplie Bar 6666 
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Type VSG/245 Potential Transformers, permanently sea- 
led construction, for 220 kV service voltage, during the 
loading operation on a ship bound to North America. 























Permanently sealed construction 


The new VSG Line 


The progressive decay of the insulation characteristics in 
potential transformers during service has always been a 
worrying problem for both manufactures and users. Seve- 
ral improvements were adopted in the past, but they only 
partially eliminated the trouble. 

With the new VSG Line of permanently sealed potential 
transformers Scarpa e Magnano has given a contribution 
to the reaching of a final solution to this problem. All 
possible communication between the inside of the trans- 
former and the outside air, subject to weather conditions, 
has been drastically prevented in such a way that the 
dielectric characteristics of the insulation are retained and 
can last indefinitely, thus ensuring maximum reliability 
of service. 





Sales Management: 
MILANO, 12, Via Manzoni 
Works: 
SAVONA, 2, Via Fiume 


magnano 
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MOVEMENT of materials . . that’s the secret 
f meeting schedules on great projects. Getting the stuff in, putting the 
machinery on the job, - half the battle is won when movement 
is unhampered, when the equipment. which handles the gear does 
so with unfailing reliability : 
Henderson Cableways fit the description. Not only is each component 
built to the highest degree of engineering skill - Henderson 
Cableways are undoubtedly the most economical method of moving 
big loads on the majority of dam, barrage, bridge or 
UF\Nadidel lee tacme@oliiguridioi mem altereal(mimdt-mechtiiteitel)(- 
number of cableways we have installed at vast projects 


throughout the world 


Henderson CABLEWAYS 
lifelines to movement 


: 


‘ chats Sil ecb = 
es vale 


A general view from the tail end of a |0-ton 
Electrically-driven Aerial Cableway - span 
1500-ft. - used for the constructions of Upper 
Glen Devon Reservoir, and showing the Dam 
Wall nearing completion. The tail mast and 
carriage run on rail tracks which are set 
radially to the headmast. With acknowledge- 
ments to Holland & Hannen And Cubitts Ltd 


JOHN MM HENDERSON AND CO LIMITED KING'S WORKS ABERDEEN 
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CONRIERI - pubbi, 


PENSTOCKS 
FOR HIGH 
CAPACITY 
POWER 
SCHEMES - 
LARGE SIZE 
VALVES AND 
GATES FOR HYDRAULIC 
PLANTS-SEAMLESS STEEL CY- 
LINDERS FOR GASES - STEEL 
FORGINGS-RAW AND MACHI- 
NED CASTINGS OF STEEL, 
CAST-IRON - SEAMLESS ROLLED 
STEEL RINGS AND FLANGES. 


BY), 


JACUI Hydro-Electric Plant 
(Brasil) Main Y-piece eS AS 
tt 





























Headquarters: via Zara 12 - BRESCIA { 
P. 0. Box 308 - Brescia - Phone 


as TUBIFICIO Represented in the U. K. by: 


L.A. POOLE s Company - Clun House - 17 Surrey 


DI BRESCIA Strand, London W.C.2- Phone: Covent Garden 0021/2 








66 000lbs. 


(30,000 kg) aa HEAVY DUTY TYPE SUSPENSION INSULATOR 


12-5/8” (320 mm) Dia. and 7-11/16” (195 mm) Spacing 
NGK Cat. No. CA-590ND; IEC recommended 24mm ball & socket coupling 


SS 8 S'S OOS Se Oe eine eS an ees 
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Comtederere: «NO e763 | 
























































HYDRO - ELECTRIC 


enstocks 


UP TO 96'0.D. 





South Durham 


SOUTH DURHAM STEEL & IRON COMPANY LIMITED. 


STEEL PIPE DEPARTMENT, MALLEABLE WORKS, STOCKTON-ON-TEES, CO. DURHAM 
TELEPHONE: STOCKTON-ON-TEES 66117 (6 LINES) TELEX: 58552 
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The rapids in 


North Finland are 


being harnessed .. . 


Amma - Aittokoski - Seitenoikea - 
three foaming rapids in the Emé- 
joki River in North Finland. 


The turbines for these power 
plants were delivered by Tampella. 
Each plant has one machine. 


Technical data of the turbines : 


Type H P n 
Amma 

Kaplan 12.5 m 16,500 hp 125 rpm 
Aittokoski 

Kaplan 25.75 m 46,900 hp 143 rpm 


Seitenoikea 
Kaplan 21.25 m 41,000 hp 136 rpm 


Total output of the turbines: 104,400 hp 


Jampella 


Engineering Works 
Est. 1842 
TAMMERFORS - FINLAND 


runner of Amma assembled at the works 





KULJIAN ...SPECIALISTS IN POWER 


4,000,000 KILOWATTS .. . . that’s the total generating 
capacity represented by the more than 100 Kuljian power projects 
now in operation throughout the world. Kuljian engineers are spe- 
cialists in power—dqualified by experience to design, engineer and 
supervise construction of hydroelectric, steam, internal combus- 
tion and nuclear power plants and associated facilities. 


Every Kuljian hydroelectric project combines the skills and experi- 
ence of a complete staff of internationally recognized experts in all 
phases of water resources development. No matter what your next 
power project might be, The Kuljian Corporation is fully prepared 
to undertake efficiently all phases of design, engineering, and con- 
struction supervision to help bring about the quick, economical 
solution to your specific problem. 


She h | 7 Coyrowalion 
engineers ¢ constructors 
1200 NORTH BROAD STREET « PHILADELPHIA 21, PA., U.S.A. 


DESIGN + ENGINEERING + PROCUREMENT + CONSTRUCTION « REPORTS 
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Surveys 

Investigations 

Reports 

Reservoirs and Dams 
Hydroelectric Power Stations 


Transmission and 
Distribution Systems 


Pumping and Filtration 
Plants 


Tunnels and Aqueducts 
Irrigation and Flood Control 


Other Reclamation Activities 


HYDROELECTRIC 
DIVISION 1006 


WATER POWER September 1961 








1961 


-a Record Year for 
KMW Turbines 


In 1961 not less than 17 KMW 
turbines, with a total output of 
about 900,000 h.p., will be put into 
service at 11 power stations in 
different countries. 
The picture shows the runner for 
the Francis turbine for Stalon 
power station in Sweden. Output 
150,000 h.p. 





AB KARLSTADS MEKANISKA WERKSTAD 
KARLSTAD - SWEDEN 


Representatives in Canada: A, Johnson & Co. Ltd., P.O. Box 56, Montreal 16 
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LOW-SPEED WATER-WHEEL DRIVEN 
GENERATORS 











Stator housing of a three-phase synchronous generator, 


vertical type, 81 MVA, 136 rpm, 10.5 kV. Altogether 
four generators Fave been ordered with our Company 


for Mequinenza Power Plant. 


ELIN-UNION 


Aktiengeselischaft fiir elektrische Industrie 


VIENNA - AUSTRIA 
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14’ RAW WATER TUNNEL 


NEW BOOSTER PUMPING STATION 


= ~~ 


A S)PUMPS 
; DOW 
VALVE 


DISCHARGE 


A-C Adjustable-Blade Pumps 
help City of Detroit 
augment raw water supply! 


To augment the supply of raw water, Detroit, Michigan has in- 
stalled four A-C Adjustable-Blade Pumps in a new booster pump- 
ing plant near the Detroit River. Pumps of this type were selected 
for their rapid, smooth response, under automatic control, to a wide 
range of flow demands. 

Adjustable-Blade Pumps will vary in output to meet the gradual 
changes in flow requirement as compared to stepped increments 
of flow and possible surges which would result if fixed-blade pumps 
had been installed. 

Two of these pumps will operate when required to raise the 
hydraulic grade line and supply adequate raw water to two remote- 
ly located treatment stations. As demand increases, a third pump 
will be used. A fourth pump is available for standby service. Pump 
blade angles are controlled automatically by a positioner respon- 
sive to downstream hydraulic grade line. A-1488 


se + 
j 
| 
{ 


\ 


INTAKE 


f 





























You may obtain full information 
on A-C Adjustable and Fixed- 
Blade High Capacity Axial Flow 
Pumps and Valves by writing to 
Allis-Chalmers, Hydraulic Divi- 
sion, York, Pennsylvania. 





Outside United States contact Allis-Chalmers International, or in Canada, contact Canadian Allis-Chalmers 
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pecialized 


in penstocks and pressure 
shaft linings as well as in 
other equipment for 
hydro-electric power plants 
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The New Underpass, Hook Road constructed by William Old Limited 
for the Surrey County Council 


EXPANDITE 





LIMITED 


ASSOCIATES AND DISTRIBUTORS THROUGHOUT THE WORLD 
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Expandite Limited produce a complete range of 
efficient Rubber and PVC Waterstops for every type 
of joint. Made in various designs and lengths, they 
are accepted as being the most effective and econo- 
mical method of ensuring watertight structures. 

Expandite Waterstops are specified by architects 
the world over because, unlike metal waterbars, they 
are not subject to corrosion and will not fracture 
with movement. 

Not content to rest on their laurels, Expandite are 
constantly introducing new developments. The 
HYDROFOIL (PVC) revolutionary design combats 
all seepage, and is suitable for walls, floors, reservoirs, 
sewage works, ponds, etc. where limited movement 
may occur. 

If you need advice on any problem concerning 
Waterstops and their most effective use, the Expan- 
dite Technical Service Department is always at your 
service. Please contact us. 


CHASE ROAD, LONDON, N.W.10. Tel: ELGar 4321 (10 lines) Telex 25420 


ELGar 1551 (10 lines) 


Trafford Park Road, Manchester 17 Telephone: Trafford Park 1285/6 
36 Great North Road, Newcastle-upon-Tyne 2 Telephone: Newcastle 23992 
Eire : EXPANDITE (IRELAND) LTD., Greenhills Road, Walkinstown, Dublin 


Telephone: 501512 











SCREENS & CLEANING GEAR 


for Intakes 




















Glenfield screens and cleaning gear are employed on intakes to 
tunnels and turbines in many hydro-electric installations. 
Screens, of built-up construction to requirements, can be fixed 


or removable; whilst cleaning rakes can be fixed or traversing as 


shown above. 


iieireoeas) Head Office & Works: KILMARNOCK - SCOTLAND 


GLENFIELD & KENNEDY 
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SOUND QUALITY IN 
THE FIELD OF 


STEEL FORGINGS 
AND CASTINGS 





View of the Steel Castings Cleaning Shop 


INDUSTRIAL AND. ELECTRICAL COMPANY 
TERNI STEELWORKS IN TERNI (ITALY 


FORGE FOUNDRY & MECHANICAL DEPARTMENT 


SOLE REPRESENTATIVES IN THE UNITED KINGDOM 
GUEST INDUSTRIALS LTD - 5 Fenchurch St - London EC3 TERNI - S.p.A. 


Stabilimenti Sicerurgici di Terni (Italia) 











In all parts of the world where 








natural resources are har- 
nessed to provide the increas- 
ing demands for electrical 


energy 





AEG 55 MVA generators in 
Petdjdskoski Power Station, 
Finland 


AEG waterwheel alternators 


i 

have proved their unfailing 
: reliability. 

I 


More than sixty years expe- 








#1 i rience, skilled craftsmen, spec- 











ialized research and produc- 











tion methods, ensure first-class 





Litt Fe 


Lilt 





technical design and quality 


Y of the equipment. 
op 


Write your local AEG distributors for a 
































copy of publication Ex 1170. 





87756 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 
Berlin (West) EXPORT DEPARTMENT Frankfurt (Main) 


















THE OVERBURDEN 
DRILLING METHOD 









Drilling and blasting 
bed rock without removing 
the soil cap 







Drilling is carried out using an Atlas 
Copco rock drill with separate rotation. 
Extension equipment (left) consists of 
Sandvik Coromant drill-pipes with ring 
bit and inner extension steels with cross 
bit. The bits are tipped with tungsten- 
carbide inserts. 







1. Pipe and steel are drilled simul- 
taneously through sub-soil layers until 
pipe is collared a few inches in bed-rock. 


2. Pipe is uncoupled from drilling action 
and hole drilled to full depth by inner 
extension steels alone. 






3. Inner steel is withdrawn and replaced 
by plastic tube. Drill-pipe is removed 
leaving expendable tube connection be- 
tween surface and rock for charging. 






NEW TECHNIQUE WIDENS SCOPE FOR SUB-SOIL 
AND UNDER-WATER DRILLING 


The Overburden Drilling Method is a completely new technique for drilling 
through earth strata and under water. It has proved itself simpler, cheaper and 
more versatile than conventional methods used for grouting, sub-soil explora- 
tion, mineral prospecting and similar operations. Underlying boulders are 
drilled through and reamed without need for blasting or removal. Sampling can 
be carried out at any stage of the drilling. 

The method involves the use of specially developed extension drill-pipes with 
inner extension steels. These are driven by the Atlas Copco BBE rock drill with 
separate rotation. By means of a special shank adaptor, percussion and power- 
ful torque are conveyed to the pipe which can be uncoupled from the drilling 
action. Removal of the inner steels from the pipe leaves an open connection 
with the surface and widens the scope for a variety of applications. 
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Overburden Drilling was originally introduced by Sweden's 
largest contracting company, AB Skanska Cementgjuteriet, 
for their Lindé Canal project. In constructing this 4-mile sea- Your local Atlas Copco company or agent or to 
way to the Baltic about 226,000 cu. yds. of rock and more Atlas Copco AB, Stockholm 1, Sweden. 
than 4,500,000 cu. yds. of overburden were blasted and 
excavated by dredging. 


Write for the Overburden Drilling booklet to: 


NAME 


COMPANY 


SMttlas Copco puts compressed air 
ees eee’ <— 


SALES AND SERVICE IN OVER 100 COUNTRIES 
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RHEINSTAHL UNION BRUCKENBAU AG - DORTMUND. W. GERMANY 
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Head Office, Factory and Export Section 











































































































































































































































































































|RK 


mTl o 


to 380 kV 


er Ne SOC eee Seles TNT VOMeges 
up 
Standardized Metal Clad Switchboards 













St. Fillans Power Station 
Consulting Engineers: 
Sir M. MacDonald & Partners 





Ceannacroc Power Station 
Consulting Engineers: 
Sir W. Halcrow & Partners 


The illustrations show views of the first two 
major Underground Power Stations to be 
commissioned in the British Isles. Both of these 
stations were constructed by the Mitchell Construction 
Co. Ltd. as part of the numerous contracts carried out by 


them for the North of Scotland Hydro-Electric Board. 


EEL 


MITGHELL GONSTRUCTION 


M—§€.-_€e-oo-ON$[=-—€T#TvVxwv"-_121!]_ Eee" 


building and civil engineering contractors 


THE MITCHELL CONSTRUCTION COMPANY LTD 


Wharf Works, Peterborough 











P.3051 


WATER POWER September 1961 4] 








ARK 
(LASGOY 

















iFFESTINIOG 


ATR UT 














Four 75,000-kW machines supplied by AEI will 


soon be performing double duty as genera- 




















tors and motors at the C.E.G.B.’s hydro- 











electric station at Blaenau Ffestiniog, Wales. 








By day, water turbines fed from the upper reservoir will drive 





the AEl machines as generators supplying electricity to the 
Grid to meet peak loads. After passing through the turbines, 
the water will be stored in the lower reservoir. At night, when 
the capacity of the Grid exceeds the demand, the same AEl 
machines will operate as motors driving pumps to return the 
stored water to the upper reservoir for further use during the 


next peak load period. 








These dual-purpose machines supplied by AEI Heavy Plant 

















a a a | 


Division are at the very heart of this, Britain's first major pumped 





storage scheme. In addition, AEIl Switchgear Division are 


supplying the 275-kV motor-driven isolators—which will be 











used in place of circuit breakers—together with the by-pass 


isolators, relay and control equipment, feeder protection 





equipment including control panels, earthing equipment, and + | : 








multicore cables. 


Consulting Engineers: Messrs. Freeman, Fox and Partners and 


Messrs. Kennedy and Donkin. 





+N -t-Yeleoir-\(-1e Mm —i[-lesiglet-1 Mm lalelel-jial-t-m Mi laalii-te| 


Heavy Pliant Division Switchgear Division 


RUGBY, WARWICKSHIRE TRAFFORD PARK, MANCHESTER 
ENGLAND ENGLAND 





INSTRUMENTATION 
INFORMATION SERVICE 


| ¢ > 


THE FIRST BELLONA FLOW RETR 
~ WITH DIRECT FLOW INDICATOR, 






AEI Barton bellows flow meters can now be 
supplied with pneumatic motion transmitter 
containing a direct flow indicator which is 
completely independent of air supply. The poin- 
ter is mechanically linked to the torque tube. 
AEI/Barton flow meters, which employ the 
Original and world-accepted Barton double- 
bellows system, once again lead with this 
valuable safety feature. 

With ranges from 0-25” w.g. up to 0.40 p.s.i., 
static pressures up to 6,000 p.s.i., a sensitivity 
of 0.02% of full scale and linearity within 0.5% 
of full range, the AEI/Barton flow meter can FLOW INDICATING POINTER 
out-perform any comparable instrument. AND MECHANICALLY LINKED TO 
list price for the instrument illustrated is from eo 
£98 (100% stainless steel body at little extra 





cost). 
WANN W S DQ AAG AT AGE GE SE A SEE SE SY SEE mY 
N 
0 ‘ : 
Please send me a copy of Publication 1112 giving specification cf the \ 
: [ | AEI/Barton flow meter range. . 
NAME siitsisine saneaaailiih : 
COUDON +0r 
pO POSITION ‘ . pasitigitdiaeiieaadil ' 


Wlddlla 


: {il delaile COMPANY ADDRESS 


instrumentation Division 
P.O. Box 1- Harlow: Essex: Tel: Harlow 25271 
Associated Electrical Industries Limited 


W MAN ABN AT MS SA SE mall 


s€/ 106 
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Assembly at works of an 11150 kW Francis 
turbine for Piilmaiquen Power Station of Messrs 
Engesa, Santiago (Chile) 


Wheel of a 35 200 kW Pelton turbine for 
Lanzada Power station of Soc Vizzola Milan 


Wheel of a 35 750 kW Kaplan turbine for Ybbs 
Persenberg Power station of Osterreichische 
Donaukrattwerke Wien 
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Joining the steel plate scroll! casing to 
the stay ring during factory assembly of 
the Union Valley turbine. 








LEFFEL BUILDS 53,000 H.P. TURBINE FOR 
SACRAMENTO MUNICIPAL UTILITY DISTRICT 


A vertical shaft, spiral case Francis turbine 
rated at 53,000 H.P. under a 416 foot net head at 
227 R.P.M. is now under construction at Leffel 
for the Sacramento, California, Municipal 
Utility District’s Upper American River Valley 
Project. This turbine is to be installed at the 
Union Valley Power House. 

Leffel turbines, from giants such as this Union 
Valley unit to the very smallest, have estab- 
lished outstanding records for efficiency and re- 


liability in thousands of installations all over the 


world. To be sure of maximum efficiency and 
reliability from your next water power project, 
— whether it’s a completely new installation or 
the expansion or rehabilitation of existing fa- 
cilities — take advantage of Leffel’s century of 


experience in turbine design and construction. 


Leffel specialists in water power development 
are available for consultation without obliga- 
tion. A phone call or a letter outlining your 


requirements will get action... fast. 


Sheet 1115-E 


\ THE JAMES LEFFEL & CO. 


DEPARTMENT W ®@ 


EFFICIENT 


MORE 
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SPRINGFIELD, OHIO, U. S. A. 


POWER FOR 99 YEARS 
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Contributing 
to 
Your 





Better 
Living! 


Heavy electric equipment such as Water Turbines, 
Generators, Power Transformers, and testing equip- 
ment for Power Stations, are being shipped out one 
after another from Toshiba’s Tsurumi works. 


Shown above is one of the 3 scheduled 133,000 kVA 
generators—among the largest in the world—to be 
installed at Okutadami Power Station in central Japan. 


The 137,000 KW Francis turbine, seen at left, to be 
coupled with this generator is also a Toshiba product. 
The runner diameter of this turbine is 4,000 mm, 
and ranks among the biggest in the world. 
Similar generators with 58,000 kVA power has been 
installed at Mazatepec Power Station in Mexico and 
is now in full operation, Toshiba is also in pro- 
duction for various heavy equipment for many other 
new projects around the world. 


Tokyo Shibaura Electric Co., Ltd. 


2 Ginza Nishi 5-Chome, Chuo-ku, Tokyo, Japan 
Cable Address: TOSHIBA TOKYO 




















EH pay syn ELEGTRIG TRANSFORMER GO. LTD. 
THORNHILL, DEWSBURY, YORKS. TEL: 1691-2 GRAMS: TRANSFORMA, DEWSBURY 
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Penstocks, pressure shaft linings, 
Substation steel structures 
Gantry and overhead travelling cranes 


Pylons, water gates 





Pressure test and Electric Strain Measuring carried out on the Manifold of the Koyna Power 
Station (Maharashtra State, India). Test pressure 1420 psi. Diameters 8’ 6” / 2 x 6’. Thickness 
1” 27/32 and 1” 37/64, Weight 40.5 tons. 


G OVA N O L p Monthey - Switzerland 
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This immense three-phase transformer 
AAIDND kVA with the highest rating for which a 
single transformer was ever built, 
542000 kVA at 330/240 kV, stands over 


25 feet high when ready for service, 


The largest output weighs over 250 tons with its cooling 
ever tran sformed system and was built by Brown Boveri, 


Mannheim, for a large power under- 


in a single unit taking in Western Germany. 


BROWN.BOVERI :co..1o. 


BADEN : SWITZERLAND 


Represented in Britain by British Brown-Boveri Ltd., 75 Victoria Street, London S.W.| 











VOITH 10341 


One runner of the four 100.000-HP Kaplan turbines for the Trés Marias Hydro-Electric Power Station (Brazil). 


3.24 million HP 


Water turbines and storage pumps 
with an aggregate output of 

3.24 million HP are at present on order 
- under construction, in manufacture 


or in course of erection. 


© J.M. VOITH GMBH: HEIDENHEIM (BRENZ) : GERMANY 
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XIETA ‘ADRIATICA DI ELETTRICITA: | ' 
NEZIA — ITALY ia ~ : 





PR. ‘ENGINEERING CONTRACTORS 
& CONSULTANTS , 
: % 7, VIA ALBRICCI— MILANO — ITALY 





Hydraulic 


Generator 


Another 
Big 


Turbine 
and 


by 
Hitachi 


Hitachi has recently completed two 137,500 kW/125,000 kVA hydraulic turbines and generators 
for the Miboro Power Station in Central Japan. The turbine is of the vertical-shaft Francis type, 
and specified for a speed of 225 r.p.m., a maximum effective head of 200m and 76.6 cu.m/sec. 
water flow, making it one of the largest units of its kind in the world. Its runner has a maximum 
diameter of 3.7m and the main shaft a diameter of 95cm. The spiral casing, which was construc- 
ted in 13 sections to facilitate transportation to the site, has an inlet diameter of 3.35m and an 
outer diameter of 11.2m. 


The generator presents a high-torsoed appearance, having been so designed in consideration of 
the comparatively high speed. Since the generator was designed for a rated voltage of 16,500 
volts and. in this respect, represents the first such attempt in Japan, particular care was taken 
in the corona-shielding and impulse resistance of the stator winding. The generator is rated at 
60 cycles, 225 r.p.m. and 0.9 power factor, but is also capable of operating at 50 cycles, 187.5 
r.p.m. and 1.0 power factor. 
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Cable Address: "“HITACHY" TOKYO 
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Arzignano - Vicenza - Italy 


Industrie Elettromeccaniche 











Arzignano - Vicenza - Italy 


Industrie Elettromeccaniche 


PD Pump For water works, 


Special semi-body connection 





Detail of mechanical seal 





storage plants, 
industrial works, 
pumping plants. 





PD pumps are of the horizorta! shaft, single-suction, multi-stage, 
centrifugal type. Heavy built, these pumps are highly efficient and 
have every mechanical feature to assure long trouble-free service. 

The body of the pump is split in two halves along the horizontal 
centerline; therefore, it can be easily inspected and quickly dis- 
mantled without removing the pump and disturbing the suction 
and discharge pipe connections. The impellers are in series and 
opposed in sets, so as to balance the hydraulic pressures. Axial 
loads on the bearings are thus eliminated, resulting in a more 
reliable and trouble-free operation of the pump. 

The shaft is of high-strength steel and it is lined with protective 
sleeves where facing the wearing faces of the stuffing boxes with 
adjustable stuffing glands. Deep boxes accommodate large packing 
rings. Suitable connections to the sealing supply line are also 
provided. 

Bearing housings of the outboard type, are provided with grease- 
lubricated heavy duty ball or roller bearings and thrust bearings, 
for residual or accidental thrusts. 

Photo on the left: 2 pumps, type PD 250/300/2, driven by 
300 HP NU 2500/4 induction motors, total capacity 24,000 litres 
(5,280 gallons) per minute, 80-metre (262 ft.) head; 2 pumps, type 
PD 225/250/2, driven by 200 HP NU 2000/4 induction motors, 
total capacity 18,000 litres (3,960 gallons) per minute, 80-metre 
(262 ft.) head. Universal Exhibition Board, Rome. 

Please ask for catalogues, price lists, estimates. Our experts are 
entirely at your service. 


| PELLIZZARI 





A view of our turbine shop at Alloa, showing a water turbine scroll casing. 


Here, there and everywhere Harland have a reputation for the design and 
construction of hydro-electric plant and pumpsets for every requirement. 
Specialisation in hydraulic, electrical and control engineering is the basis 

of Harland’s interest in hydro-electric installations and all pumping applications 


from the simple to the most complicated and complex project. 


HARLAND 


THE HARLAND ENGINEERING COMPANY LIMITED 


WORKS: 
ALLOA, SCOTLAND & TIMPERLEY, CHESHIRE 


LONDON & EXPORT SALES OFFICE: 
HARLAND HOUSE, 20 PARK STREET, LONDON W1 


Branches in Bristol, Glasgow, Leeds, Newcastle, Nottingham, 
Timperley (Cheshire), Wolverhampton and overseas E700/10 
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Take a look 
under the canopy! 









Examples of ‘‘Power Vane’ 
Rotary Compressors selected 
from the six models in 
capacities of 125, 175, 210, 260, 
365 and 600 c.f.m. 


er-mounted ‘Power Vane’ 


Land Rov Rotary Compressor 


125-RO-2 





Good looks.... 





good performance—you get both in this 








- ! This 
i ie power, anywhere, and quickly” aoe. 
new CP 260 compressor! Under that striking Air power, “working unit can s2 
trouble-free, hard oo" keep operating 
. i ‘ ’ Me aluable time 
two-tone canopy is the famous ‘Power Vane i you Bowes at the lowest level. 
: , mM, 4 
rotary unit, a winner for rugged and trouble- Power Vane’ Rotan — 
ie Y Com . ‘es 
free service even in the toughest conditions. Pressop \ 
This ‘middleweight’ in the CP range is the : a 
a 
ini 


answer to the demand for a machine o¥ this 
capacity. Simple, robust and completely 
reliable, the Model 260-RO-2 ‘Power Vane’ 
compressor in its practical new styling, will 
operate four heavy tools and still have 


ample margin. 


(onsolidated Pneumatic CONSOLIDATED PNEUMATIC TOOL CO. LTD 


Dawes Road - London - S.W.6 





cp 261 
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WATER 


POWER 


A technical journal devoted to the study of 
all aspects of hydro-electric development 





Mechanisation for Dam Construction 


OWADAYS it is more than ever necessary to 
N justify the last cent of capital cost when pianning 
a new hydro-electric project. Those who advo- 
cate alternative means of meeting rising power de- 
mands are not slow to criticise the only aspect of 
water-power development they can attack — the 
capital cost. The contractors who undertake hydro- 
electric schemes are not unaware of this trend. 
However, although it is relatively easy to apply auto- 
mation techniques in a factory and to apply the 
results of time-and-motion studies to the realignment 
of the layout of the plant, the application of these 
principles to dam construction presents formidable 
difficulties. No two sites have exactly the same 
characteristics; no two types of aggregate or filling 
material present exactly the same handling problems. 
Nevertheless, two distinct—and conflicting—trends 
can be seen emerging, each in its own way leading to- 
wards greater mechanisation on the hydro-electric 
construction site, greater efficiency in handling ma- 
terials. and consequently lower capital cost for the 
project as a whole. First, for the smaller projects, 
there is a trend towards versatility, particularly among 
the earthmoving plant. Machines equipped with 
powerful diesel engines, often supercharged to pack 
more power into a small compass, are so built that 
they can be adapted as graders, scrapers, pushers, 
rollers and compactors of various kinds; or they can 
hau! large trucks or cement tank wagons or liquid 
concrete tanks. In some cases they can be changed 
over to use either large pneumatic-tyred wheels or re- 
movable caterpillar tracks. They provide the drives 
for excavating equipment, and can be adapted rapidly 
to carry Out special services such as acting as a winch 
for hauling cableways into position. 

Standardisation of basic prime movers of this kind 
can mean other savings. The provision of at least one 
spare unit, which can be substituted for any defective 
prime mover, practically prevents a standstill of the 
sort that might result from a breakdown in a single 
specialised plant item. Maintenance is simplified, 
since Only one range of engine spares is needed. 
1961 
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The second trend, seen mainly on very large dam- 
construction sites, is diametrically opposed to that 
just mentioned. When the size of the site justifies the 
cost, tailor-made equipment is nowadays employed, 
specifically designed to meet the exact needs of that 
site and no other. Excavating, cleaning, crushing, 
screening and storage plant is planned in meticulous 
detail to give the maximum possible output from the 
one type of material to be handled. Important instal- 
lations of electrical control gear are designed so that, 
in some cases, One man, sitting in a control room not 
unlike that to be found in a processing factory, has 
command of the whole operation of feeding the aggre- 
gate plant, preparation of the grades of aggregate 
needed, concrete making, and despatch of mixed con- 
crete ready for pouring. 

Much more thought is nowadays given to the con- 
trol of concrete-pouring operations than has been the 
case in the past. In these large projects the design and 
manufacture of the shuttering, for example, is given 
the greatest possible consideration from the point of 
view of saving labour. Ease of linking adjacent shut- 
tering plates together, with equal ease in the associa- 
ted operation of striking, has been the subject of pro- 
longed experiment. The results, as seen on the more 
recent large projects, have been such as to reduce the 
labour force by a significant fraction while at the 
same time speeding up the work. 

In handling fluid concrete, chemists have been 
brought into consultation to carry out research into 
the physical phenomena associated with the actual 
pouring of this awkward, plastic substance. Through 
their scientific efforts workability has improved, not 
only in regard to handling the material on the lifts, 
but also in transit. In one instance, even the calcula- 
tion and the provision of a certain specified radius 
on the lip of a concrete-carrying hopper was found 
to reduce emptying time and permit the placing of 
one more hopperful a day than would otherwise have 
been possible. 

Radio communication, of course, has been em- 
ployed on hydro-electric construction sites for many 
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years; but now radio channels are being employed to 
give continuous monitoring of such important factors 
as concrete setting temperatures, so avoiding the need 
fur skilled personnel to walk time-wasting distances, 
at fixed intervals each day, to read the instruments 
installed at various parts of the site. 

Testing and control procedures, which ensure that 
earth-filling material, for example, has the proper 
moisture content, or that the watertight core materials 
are homogeneous at all times, or that the concrete is 
of the specified granulometry, have in most cases been 
streamlined so that results are available as rapidly as 
possible. 

Yet, we venture to suggest, more might still be done 
to ensure that the minimum cost is achieved. Rising 
standards of living, coupled with natural disinclina- 
tion on the part of skilled technicians and their fami- 
lies to spend long periods in inclement, isolated sites, 
mean that labour costs (burdened additionally by 
incentive payments) are always increasing. Since in 
many cases the raw materials for dam construction are 
available “free” on site, labour costs bulk larger in 
the capital budget than is the case with the construc- 
tion of other forms of energy-producing plant. The 
need remains, therefore, to develop mechanisation to 
the utmost. 


Kariba Dam to be Strengthened 


In our July issue we noted that a small vein of weak 
rock in the Kariba dam foundations was being 
excavated and replaced by concrete. The condition 
is evidently more serious than was thought originally, 
for Mr. J. Ward, the Chairman of the Federal Power 
Board, recently made a long statement on major 
strengthening works that are shortly to be carried out. 
According to the statement, it has been known since 
the start of work at Kariba that treatment of the rock 
at the upper part of the south flank of the dam would 
be necessary. The construction programme was put in 
hand while the detailed geological investigations con- 
tinued. In the last 18 months work has proceeded 
on the strengthening of a zone of weaker quartzite 
in the top part of the south flank by grouting, and 
also by replacing mica schist with concrete. This work 
has strengthened the rock considerably but recent 
tests have shown that, to make certain the south abut- 
ment is fully capable of carrying the water pressure 
at top reservoir levels, further substantial measures 
will be necessary. The Board’s consulting engineers, 
Gibb, Coyne and Sogei (Kariba), have recommended 
that the best way to achieve adequate strengthening 
would be to construct a gravity abutment block to 
transfer the horizontal thrust from the quartzite at the 
top down to the sound rock. The block will be 50 ft 
wide, 90 ft high, and 120 ft long at the top, tapering 
down to about 20 ft long at the base. It was stated 
that the work will include 35,000 cu yards of concrete 
and 25,000 cu yards of rockfill. 

The statement added that, although the additional 
work will increase the cost of constructing Kariba, 
there will still be a considerable saving on the original 
estimates despite having heightened the dam by 20 ft 
and added an extra 330-kV substation. It is likely that 
the planned rate of decrease in the Board’s average 
selling price for bulk electricity will have to be re- 
vised, although no price increase in the near future is 
anticipated. It will now be more difficult to meet the 
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undertaking given to the World Bank that half the 
capital required for the second stage of the project 
would be provided from surplus revenue. It is antici- 
pated that the abutment block will take about 14 
months to construct. 

In view of this latest development, it would seem 
that Dr. Jaeger’s article on Rock Mechanics, which 
appears on page 349 of this issue, is particularly 
appropriate. 


Bratsk Model at Soviet Exhibition 


Tue Soviet Exhibition was held at Earls Court, 
London, from July 7-29, 1961, under the joint spon- 
sorship of the Association of British Chambers of 
Commerce and the Chamber of Commerce of the 
USSR. The object of the exhibition was to promote 
an expansion in Anglo-Soviet trade. Among the 
variety of industrial exhibits was a 1:200 scale 
model of the Bratsk hydro-electric station on the 
Angara River, which is a tributary of the Yenesei 
and rises in Lake Baikal. This scheme, which is 
under construction, is one of the largest in the world 
and is planned to have an installed capacity of 4,500 
MW and an average annual output of 22,600 GWh. 
The dam is a concrete gravity structure with a maxi- 
mum height of about 125 m, and a length of some 
800 m. The head on the 20 sets will vary between 92 
m and 106 m, and the unit capacity is understood to 
be 225 MW at 100 m head. The Francis turbines are 
to operate at a speed of 125 r.p.m.. and each has a 
runner diameter of 5,500 mm. The spillway is 
equipped with ten crest gates. each of which is be- 
lieved to be 20 m wide. 


Cook-Strait Cabie Contracts Announced 


THE New Zealand Electricity Department has now 
placed orders for the cables and converting equipment 
required for the Cook-Strait cable link between the 
South and North Islands. The purpose of this link is 
to place the superabundance of hydro-electric capacity 
in the South Island—notably from the 540-MW Ben- 
more station now under construction—at the disposal 
of the North Island, which contains the principal load 
centres and where the available hydro-electric sources 
have been largely exploited. The link will have a capa- 
city of 600 MW and will operate on direct current at 
500 kV; it will extend a total distance of nearly 350 
miles between Benmore and a substation at Hay- 
wards, near Wellington. This will comprise about 300 
miles of overhead line in the South Island, upwards 
of 25 miles of submarine cable. and about 20 miles 
of overhead line in the North Island. It will be fed 
from the 16-kV generator busbars at Benmore and 
will supply the 110-kV grid at Haywards. 

The contract for the converter stations has been 
placed with the Swedish firm of ASEA, who pioneered 
underwater d.c. transmission with the 20-MW line to 
the Island of Gotland, and who are now building the 
converter equipment for the 160-MW cable across the 
English Channel. Each of the New Zealand converter 
stations will contain 28 mercury-arc electronic valves 
divided into four groups. The value of this order is 
upwards of Kr 80 million (£5-5 million). 

The submarine cables are to be made by British 
Insulated Callender’s Cables Limited (BICC) at their 
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Manchester works. They will be of the single-core 
submarine gasfilled type and will be constructed in 
three uninterrupted lengths each 254 miles long, pro- 
viding two cables in circuit and one spare. They will 
be laid in three lines to a maximum depth of 139 
fathoms (254 m), and an ocean-going cargo vessel is 
being specially fitted to lay them. The value of this 
contract, including cable terminations, accessories 
and spares, is £2,700,000. 

As our readers will know from numerous references 
in past issues, two half-mile lengths of test cable were 
laid in the Strait and lifted after two years. The per- 
manent cables are scheduled to be laid in 1964 and 
the link is expected to come into operation in 1965 
when Benmore is commissioned. It is considered that 
this link is saving the construction of a corresponding 
thermal station in the North Island. 


Cruachan Pumped-Storage Contracts 


THE North of Scotland Hydro-Electric Board has 
placed orders for the four 100-MW pump-turbine 
sets for the Cruachan pumped-storage scheme on 
Loch Awe. Two sets are to be built by The English 
Electric Co. Ltd., who collaborated with Sulzer Bro- 
thers in the development of the pump-turbines; the 
other two sets-will be built by Associated Electrical 
Industries Limited, who have entrusted the pump- 
turbines to Boving & Co. Ltd. The operating head 
of over 1,100 ft. is believed to be the highest in the 
world for which reversible pump-turbines have been 
ordered. It will be recollected that at Ffestiniog, which 
has a net head ranging from 925 ft to !,020 ft, it was 
considered more economic to adopt separate turbines 
and pumps. 


Progress on the Rance 


THE preliminary civil-engineering work on Elec- 
tricité de France’s tidal power plant on the Rance is 
well advanced. According to a correspondent in 
Ouest France, cofferdams have been built on both 
banks of the estuary and the first concrete placed. 
On the left bank, at Brebis, the cofferdam is of 
normal concrete construction and encloses the site of 
the future lock. On the right bank, at Briantais, the 
cofferdam consists of circular gabions, 19 m in dia- 
meter and 12-18 m high, constructed of sheet piling 
and filled hydraulically with sand from the bank. The 
culverts for the gates are to be constructed on this 
side. Foundations are being built for a cableway, 
which will have a span of | km across the site of the 
dam and will be 70 m high. A 20 m*/h concrete 
plant is in service at Brebis and a larger plant is being 
built. About 500 workmen are engaged on the site. 
It is expected that the lock and culverts will be com- 
pleted early in 1963, after which the difficult task of 
closing the Rance between Chalibert and Brebis will 
be undertaken. 


Mexican Power Capacity 


Mexico has a total electric power capacity at 
present of 2,800 MW, according to Banco Nacional 
de Comercio Exterior. Current construction projects 
being executed by the Federal Electricity Commis- 
sion include the following: (a) the Infiernillo plant on 
the border between the States of Michoacan and Guer- 
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rero, which will use the waters of the Balsas River 
and generate 600 MW; (b) a plant at Mazatepec, 
Puebla, to produce 208 MW from the power provided 
by the Apulco River; (c) a hydro-electric installation 
on the Cupatitzio River in Michoacan, with a gener- 
ating capacity of 102-5 MW; (d) the Santa Rosa 
installation to the north of the village of Amatitlan 
in Jalisco that will store the waters of the Santiago 
River in a dam having a capacity of 450 million m’; 
(e) a hydro-electric plant at El Novillo Sonora, that 
will have a capacity of 90 MW;; (f) the fourth unit at 
the San Jeronimo thermo-electric plant in Monterrey 
which with its 37-MW contribution will boost the 
capacity of that plant to 105 MW; (g) another thermo- 
electric plant in Monterrey, in the north-eastern sec- 
tion of the city, to have a capacity of 225 MW; and 
(h) the thermo-electric plant that is going up in the 
City of Tijuana, Lower California, and will have a 
generating capacity of 225 MW. 


CEMIG Annual Report 


THE annual report for 1960 of Centrais Elétricas 
de Minas Gerais, $.A., shows that the growth in the 
demand for electricity continues apace in that part of 
Brazil as it does elsewhere in the world. The energy 
generated was 1,037 GWh, and the energy consumed 
shows an increase of some 11% over the figure for 
1959, and was almost entirely supplied from hydro- 
electric sources. The report states that the present 
generating capacity of 225 MW is expected to be in- 
creased to some 600 MW over the next five years. 
During the year, the fourth and final 12°5-MW unit 
was commissioned at the Itutinga station, and the first 
22-5-MW set was installed at Camargos. The average 
annual load factor is given as 66°1%. 

Good progress was maintained on the Trés Marias 
construction work, where 5,935,000 m* of earthfill for 
the dam were placed during the year, and the reser- 
voir commenced to fill. The first two generating units, 
with a combined capacity of 130 MW, were being 
installed, and it was hoped that the first unit would 
be operating in the second half of 1961. On the Fur- 
nas project, dam construction began and completion 
is anticipated in 1962. About 1 million m* of rock 
have been excavated for the pressure tunnels and 
power station, and concreting is expected to com- 
mence in 1961. 


Snowy-Murray Contracts 


THE Snowy Mountains Hydro-Electric Authority 
has let the first contracts for the second stage—the 
Snowy-Murray—of the Snowy Mountains scheme. 
These contracts are for the power plant for Murray 
No. | station, which will have eight 96-MW sets and 
will be the largest station in the scheme. The success- 
ful tenderers are the Australian companies repre- 
senting Boving & Co. Ltd. for the turbines, ASEA 
for the generators, and the Canadian General Electric 
Company for the transformers. More than half of the 
components of the eight 130,000-h.p. turbines will 
be made in Australia and the remainder in the United 
Kingdom. ASEA, who will construct the generators 
in Sweden, have already built the generators for the 
two Tumut stations. The transformers will be built in 
Canada; there will be 13 units stepping up to 33 kV. 
The three contracts are worth nearly £A4 million 
(£3,240,000). 


337 

























Waload vdurg ay) fo apoad pup uvjd JuauasunsaD POAIUAD *] *31] om 
TANNAL TANNNL TANNNL 8 ‘8 NOILOSS ‘V'V NOILOSS = 
SOVeETIVL YOOLSN3d YSMOd NOISYSAIC Qa9yV INS Ga9uyv INS 
7s , © 
SNINIT { } “a ° 
1331S— ot ~ 
~” 
C S O « 
= 
y y 9 
é uct ’ 
r —YNVL JOUNS x 
\) --ST3NNNL 2) 
jo! Ly NCISU3AIG os 
oh ’ eS x 
os ? iN — 
& RE 
ST3A31 “OZ LV 
20IM “OI SWY3ag 
oe " rz 
009 ; 











Fig. 2. Spillway, dam and power intake from upstream 


The Binga Hydro-Electric Project 


This 100-MW development in the Philippines involved 
large-scale civil-engineering construction which had to be 
completed against a close time schedule 


By U. V. ENGSTROM* 


N a beautiful tropical setting amid high mountains 
[or Central Luzon the Philippine Government is 

constructing hydro-electric works at a fast pace, 
endeavouring to keep power supply ahead of de- 
mands. Since liberation in 1945 the demand for 
power has increased at such a tremendous rate that 
today most areas are short, and the output from the 
Binga project was fully utilised when placed on the 
line in early 1960. 

The Binga hydro-electric project is located on the 
Agno River, and is the second unit to be constructed 
on this river, for which it is plafined to have a total 
of six projects in order to develop the available 
energy fully. 

The Agno River rises on the south slopes of 
Mount Data in Central Luzon, flows almost due 
south for 66 miles, and then emerges on the Central 
Plain at San Manuel, Pangasinan. From here the 


* Resident Construction Engineer of Tippetts-Abbett-McCarthy-Stratton 


of New York, who were associated with Engineering & Development 
Corporation of the Philippines as consultants on the Binga project 
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river flows through intensively cultivated farmland 
running first south and then gradually swinging west 
and north-west, finally emptying into the China Sea by 
way of Lingayen Gulf. The Agno River basin is 
formed by two almost parallel mountain ranges of 
the Central Cordillera system. The range on the east 
forms the boundary of another drainage basin which 
contains the Cagayan River that runs due north from 
Central Luzon and empties into the Luzon Straits at 
the north end of the island. The west range lies be- 
tween the Agno River basin and the China Sea. 
This area of the island of Luzon is on the fringe 
of the South-Pacific typhoon zone. Nearly all of the 
rain falls in the period from May to November. 
Baguio City, just outside the basin, also holds what 
may well be the world’s record of intensity of rain- 
fall—46 in fell in 24 hours, and 88 in in four days. 
With intensity of rainfall so great and storage areas 
small the spillways are designed for large discharge 
capacities and represent a substantial portion of the 
cost of the projects. In spite of the extended dry 


339 








season and absence of temporary retention through 
snow and ice the river flow holds up well, having an 
average mean minimum flow of approximately 250 
cusecs. 

Hydro-electric development in the Philippines is 
by no means a new venture. State, municipality, and 
private capital have done much to supply needs. 
However, a greater portion of the work to date has 
been performed by the National Power Corporation, 
a public corporation created under Commonwealth 
Act No. 120 and organised on January 11, 1937. This 
corporation began investigation of projects with an 
advance loan of approximately $266,000 and has to- 
day completed 13 projects throughout the various 
islands. Many of the plants are small and largely 
serve local needs. The largest prior to Binga was the 
Ambuklao project with 2 capacity of 75 MW. Am- 
buklao is the first constructed and uppermost project 
on the Agno River. It was completed in 1956 and 
since then has been delivering power to Baguio City, 
La Union Province, Central Luzon area, and to 
Manila, the capital city of the Philippines. This pro- 
ject has the largest reservoir storage and will serve 
as a regulator for the remaining five projects. The 
combined potential of the six plants is 430 MW. 
Binga project, with an installed capacity of 100 MW, 
will work exceedingly well with Ambuklao and more 
than doubles the average annual energy output. 

Since demands for power are exceeding even the 
most optimistic estimates, it is very important that 
available energy be amassed at an orderly and fast 
rate. The National Power Corporation has such a 
programme, which was actually formulated during 
the days of the Japanese occupation, and when 
liberation came in 1945 the wheels for rehabilitation 
and construction began turning. By 1947, in col- 
laboration with Westinghouse, the programme was 
officially proclaimed, accepted, and approved by the 
Philippine Government. 

Before detail plans were completed for the Binga 
project, National Power constructed ten miles of 
difficult access road to the project site. Using force- 
account labour, diversion-tunnel excavation was well 
under way when the contract for the construction of 
the project was awarded to the contracting combina- 
tion Philippine Engineers’ Syndicate, Inc., with Wid- 
mark & Platzer AB of Stockholm, Sweden, as con- 
struction consultant. Both of these firms had worked 
on the Ambuklao project and were familiar with 
construction and working conditions. The contract 
for 30,000,000 pesos (about 15 million dollars), which 
was a cost-plus a maximum-minimum sliding-fee 
agreement, was signed on March 14, 1957 and was 
4,000,000 pesos under the engineers’ estimate and 
3,000,000 pesos below the next bidder. The urgent 
need for power was reflected in the allotted time (840 
days) prescribed for completion of the project, and 
represents what may also be somewhat a record for 
this type of construction. 

The Binga project (the general plan of which is seen 
in Fig. 1) consists of an inclined-core rockfill dam 
325 ft high; a six-gated open-channel spillway cut 
into the rock of the left abutment with a maximum 
capacity of 388,000 cusecs; a free-standing power 
intake tower 152 ft high; an 18-5-ft-diameter horse- 
shoe power tunnel 2,400 ft long; a Johnson-type dif- 
ferential surge tank 161 ft high and 49-5 ft in 
diameter; two steel-lined inclined penstocks 12 ft in 
diameter which branch into four 8-ft-diarueter pen- 
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stocks just upstream of the underground power 
house; and a power house, 50 ft wide, 255 ft long, 
93-5 ft high, lying approximately 3,000 ft downstream 
of the toe of the dam and 300 ft below ground sur- 
face at that point, which is reached by vertical shafts 
at each end; one shaft serves as a cable and ventilat- 
ing adit and the other as the access shaft for the 
equipment. The tailrace tunnel emerges into the river 
1-3 miles downstream of the power house. Two 
parallel modified-horseshoe-shaped diversion tunnels 
25 ft in diameter are located in the left abutment. 

The diversion plan provided safety against a flood 
estimated to recur once in ten years and had to be 
completed the first year. This required the down- 
stream portion of the dam to be built to elevation 
569, or 14 m below ultimate height, in order to be 
able to discharge 77,000 cusecs through the diversion 
tunnels and 91,000 cusecs through the partially com- 
pleted spillway channel. Generally the floods, 
originating from typhoons of the South Pacific, occur 
between July and November and are of short dura- 
tion but very violent. 

On the part of the contractor, construction of the 
project required meticulous planning on a long-range 
basis in order to meet contract deadlines, provide 
needed equipment, provide spare parts, and to pro- 
tect completed works against river flow. 

Each phase of the construction work was studied 
carefully by the contractor and a report combining a 
method of execution, organisation, cost estimate, 
equipment schedule, materials schedule, and time 
schedule, was prepared by the Cost Engineering De- 
partment, the Superintendent, and the Foreman in 
charge. This so-called “organisation and pre-cost 
estimate,” after being adopted, was used as the target. 
Records were kept of all included aspects, and very 
quickly deviations from the schedule were pinpointed 
and corrected. Actual costs of all items of work were 
available for study currently, and the summary for 
the month was available seven days after the closing 
date. It is only through such implementation that 
prices of the low bid and the datelines of the short 
construction schedule were met. 

The contractor’s plan of attack—particularly the 
underground works—reflects careful attention to cost 
and timing. The power tunnel excavation (see Fig. 1) 
was attacked from a horizontal access tunnel which 
intersected the tunnel centreline just upstream of the 
surge tank. It was then possible to excavate a pilot 
raise in the surge tank while advancing the main 
heading towards the power intake. At the same time, 
surge-tank excavation from the top, the power-intake 
open-cut excavation, and portal work were in pro- 
gress. The two access shafts to the power house were 
excavated simultaneously to their full depth, and 
from the cable and ventilating shaft a tunnel was 
excavated in the power-cavern area to intersect pen- 
stock No. 4; the excavation then followed this pen- 
stock upstream to its intersection with No. 3. Here 
a cross cut was made to the intersection of penstocks 
2 and 1. From these two intersections, pilot raises 
were excavated in the inclined penstocks toward the 
surge tank and all branch penstocks were simul- 
taneously advanced toward the power cavern. 

Also from the bottom of the cable and ventilating 
shaft a transit tunnel was excavated around the power 
cavern to intersect the draft tubes at the bottom of 
the surge chamber. This permitted advancing the 
draft-tube excavation in both directions and raises 
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Fig. 3. The spillway excavation, which involved the removal of 4,700,000 cu yards of material 


to be excavated to the crown of the surge chamber 
and on up to the ground surface to form a ventilating 
shaft, which is also a permanent feature. This ap- 
proach permitted all work to continue during the 
lower stages of excavation in the power cavern. 

At the time this work was being carried on, the 
crown of the power cavern was excavated and con- 
creted. A raise was run from the bottom of the cavern 
near penstock No. 4 to the crown area and then con- 
tinuation of the power-cavern excavation from the 
top utilised the raise as a loading chute and all muck 
was taken out from the bottom level. The muck was 
raised to the surface by means of two 24-cu-yard 
capacity skips operated in the cable and ventilation 
shaft. It was only by this means of isolating the 
various features of the work and working them 
simultaneously that time schedules could be met. 

The tailrace tunnel was attacked from its mid- 
point by an access shaft and headings developed and 
worked simultaneously both upstream and down- 
stream. Because of some lag in time due to need for 
timbering in the tailrace tunnel a heading was also 
excavated from the surge chamber downstream. The 
tailrace-tunnel outlet structure required approxi- 
mately 300,000 cu yards of open-cut excavation and 
some slow excavation work for the structure in the 
river bottom. This work was performed during tun- 
nel driving and only a short amount of tunnel was 
driven from this end. In the power tunnel and power- 
house area all underground drilling was done with 
Atlas-Copco jack drills utilising Swedish drill steel. 
Mucking was done with Model 105 and 630 Eimco ex- 
cavators. Transportation to the skips was by Kohring 
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Model WD-60 Dumpters. In the tailrace tunnel a 
Model 100 Conway mucker was used for loading; 
the drilling equipment was the same as in the power 
house. 

While this phase may seem rather routine for 
underground work, it is unusual in that all excava- 
tion was in ground which far from the best. Mr. I. B. 
Crosby, Consulting Geologist for the project, de- 
scribed the general rock as follows: “The principal 
rocks of the Agno Valley in the vicinity of the dam 
site are a series of metamorphose andesites and sedi- 
mentary rocks intruded in places by diorite and other 
igneous rocks. The members of the metamorphosed 
series were laid down as lava flows, volcanic ash and 
water-deposited sediments of Tertiary time. After de- 
position when these rocks were buried deep beneath 
the surface they were subjected to mountain-building 
forces which produced numerous fractures and inci- 
pient fractures. The lavas and sediments were meta- 
morphosed and their original characteristics altered. 
While still buried deep beneath the surface these 
metamorphosed lavas and sediments were intruded 
in places by molten diorite.” 

The power cavern, surge chamber, and all under- 
ground intersections were potential hazards and re- 
quired special skills to excavate and support. 
Originally, while connecting the two shafts of the 
power house through the power-cavern roof, vertical 
timbering was used. The maze of timber was so 
obstructive to both excavation and concreting that 
other means had to be utilised. 

The system adopted was the patented Swedish SN 
method of rock bolting. The SN method utilises a 
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special grouting machine manufactured by Svenska 
Sika-Produkter AB of Barkaby, Sweden, which 
introduces grout mortar into the drill hole after 
which the reinforcement bar is inserted. The grouting 
machine is essentially an upright cylinder approxi- 
mately 12 in in diameter, 36 in long, with an air con- 
nection at the top, and at the bottom a feed screw 
which is hand-operated and directs the grout mortar 
into a l-in plastic tube, the end of which is placed in 
the bottom of the dri: hole. As grout is introduced 
into the hole the tube is gradually retracted and fill- 
ing is compieted to the co:lar of the hole. Compressed 
air is introduced at the top of the large cylinder and 
maintains a constant feed of grout to the hand- 
operated screw. The reinforcement bar is then driven 
into the hole by means of a jackhammer equipped 
with a special chuck. To prevent grout loss during 
insertion of the bar heavy paper or burlap is held 
around the bar at the collar of the hole. The mortar 
is a mixture of equal parts of cement and sand. The 
sand is clean and well graded in sizes between 0-2 
mm. The mortar is plastic and mouldable with the 
hand to a cohesive ball. 

By utilising this method of rockbolting it was pos- 
sible to remove approximately 90% of the timber 
in the power-house crown area, and the work could 
then be carried out expeditiously. 

This method was also used in the lower elevations 
of the power house where both the upstream and 
downstream walls were hazardous. It was thus pos- 
sible to continue the required excavation to the lowest 
elevations and also to make the intersecting excava- 
tions without timber or steel supports. In the wall 
areas the bolts were placed on about | m centres and 
varied in depth from 10 to 20 ft. In most cases the 
bolts were placed pointing upward at about 30 to 45° 
from the horizontal. Some intermediate 20-ft bolts 
were placed horizontally in order to integrate a 
larger mass of supporting rock. 

Pull-out tests were conducted on several bolts em- 
bedded in various types of rock, and in all cases the 
bars withstood a load in excess of 20 tons. Failure 
ultimately occurred in the bar itself and not in its 
fixing. An embedment of 3 to 5 ft was sufficient to 
develop full bar strength. 

Judicious use was also made of split and rock 
bolts, wire netting, and lacing by means of welding 
reinforcement to the projecting ends of rock bolts. 

No world records were made in these excavations, 
but considering the type of rock to be worked it was 
accomplished without major mishap in a remarkably 


short period of time. In the power-house area a maxi- 
mum of 8,000 cu yards was excavated in one month 
using three eight-hour shifts. The total excavation, 
including penstocks, draft tubes and surge chamber, 
involved 96,000 cu yards and required 15 months 
from beginning to end. 

The spillway excavation on the left abutment (see 
Fig. 3) involved approximately 4,700,000 cu yards, of 
which approximately 85% required drilling and 
shooting. The cut slope is 625 ft high from the bot- 
tom of the structure excavation to the uppermost 
portions. The maximum horizontal thickness is al 
dam-crest elevation and measures 400 ft. 

Since 90% of this excavation had to be removed in 
15 months a multiple-bench approach was adopted. 
Utilising the equipment on hand, it was possible to 
work a maximum of four benches simuitaneously. 
On an average, four shovels were used, two 150-B 
Bucyrus-Erie electrics and two 54-B Bucyrus-Erie 
diesels. Drilling was done with 5-in Gardner-Denver 
Blast-Hole Drill Model 143 and 3-in Air-Trac Model 
123. Timken carbide bits were used for both drilis. 
Benches 66 ft high were adopted on a basis of 
economy in blasting. Sloping was performed with 
secondary blasting and dozers. All hauling from this 
area to the dam and to waste pile was with 15-cu- 
yard-capacity end-dump Euclid trucks. 

The material from the spillway excavation was 
used in the construction of the rockfill portion of the 
dam (see Fig. 4). On account of the numerous faults, 
jointing, and deep weathering, the rock was very 
variable and presented difficult blasting and excava- 
tion problems. The consulting engineers had esti- 
mated that sufficient suitable rock for a complete 
dumped rockfill section would not be available, so 
the design provided for a fine and coarse rolled rock- 
fill flanked downstream and upstream by sections of 
dumped rock. It was, therefore necessary to select the 
various materials with the shovels in the spillway. In 
some cases the shooting was regulated to produce the 
type of material needed at the time in the embank- 
ment. This selection procedure reflected the need for 
a high-capacity economical type of scalping unit. 

The excavation for the dam foundation did not 
present any unusual problems and was consistently 
done by means of dozers, sluicing, shovels and drag 
lines. The area in the river bottom was difficult to 
work in that the canyon was very narrow and the 
foundation rock extended 30 ft below the river bed 
and narrowed up in areas to widths of less than 5 ft. 
Here the usual problems of water control and access 
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Fig. 4. A typical cross section through ihe dam 
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Fig. 5. A view in the machine hall during construction 


were gradually overcome by meeting the exigencies 
as they came up. 

The supplying of equipment for the power facili- 
ties was advertised on a world-wide basis, and the 
various items came in from many suppliers. Turbines, 
butterfly valves and governors were supplied by Cos- 
truzioni Meccaniche Riva of Milano, Italy; radial 
gates were supplied by Eisenbau Wylen AG of 
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Baden, Germany; the travelling crane was supplied 
by Applevage of Paris, France; the elevator was sup- 
plied by Otis Elevator Company of New York; trans- 
formers were supplied by Aktienbolaget Electro- 
mekano of Halsingborg, Sweden, and Allmanna 
Svenska Elektriska of Vasteras, Sweden; generators 
were supplied by Oerlikon Engineering Company, 
Zurich, Switzerland. Supplying the materials for the 
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230-kV transmission from Binga to Manila also re- 
ceived wide advertisement and materials came from 
Japan, Italy, Switzerland, France, Finland, Sweden, 
the United States, and Germany. 

Interesting statistics for the project are as follows: 


52,250,000 US dollars 
4,700,000 cu yards 
2,250,000 cu yards 

387,000 cu yards 
250,000 cu yards 
5,000 tons 


Total cost of project 
Excavation in spillway 
Dam embankment j 
Underground excavation. . 
Concrete wee 
Reinforcement steel . . 


Steel penstocks .. 650 tons 
Height of dam .. 352 ft 
Turbines: 

Number Ch tame eA 4 

Type a ee . Vertical-shaft Francis 

Horsepower, each . . 40,000 
Generators: 

a ee 4 

kVA, each : 27,800 

0-9 p.f., 327 r.p.m. 
Average annual energy 


output 516 million kWh 

The various photographs (Figs. 2, 3, 5 and 6) show 
construction in progress. 

The National Power Corporation operates through 
a Board of Directors consisting of five members. 
Chairman Florencio Moreno is also Secretary of Pub- 
lic Works and Communications of the Philippines. 
The four other members are: Vice-Chairman, Gabriel 
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Fig. 6. The Conway mucker in a steel-supported section of the tailrace tunnel 





A. Daza; members P. E. Domingo, Angel M. Tesoro 
and Cesar U. Sevilla. 

The General Manager is Filemon M. Zablan, who 
directs all operations of the Corporation through five 
principal departments: Engineering, Power Utilisa- 
tion, Chemical Fertiliser, Finance and Auditing. The 
Project Engineer for the Binga project was Crispin 
T. Ubaldo. 

The contracting firm of Philippines Engineers’ 
Syndicate, Inc. (PESI) is headed by Candelario Ver- 
zosa as Executive-Vice-President and Mauro Seriano 
as General Superintendant. Stig Wikstrom was Chief 
Engineer for Widmark & Platzer AB, and Gunnar 
Magnusson was Project Manager. 

The Resident Construction Engineer for Tip- 
petts-Abbett-McCarthy-Stratton was the writer. The 
Resident Design Consultant was D. E. Abramowitz. 


Rock Mechanics Limited. It was announced recent!y 
that a new company of this name had been formed 
as a sister company to Soil Mechanics Limited, 65 
Old Church Street, London, S.W.3, and it will 
specialise in engineering problems involving Rock 
Mechanics techniques. Soil Mechanics have marked 
the occasion with the issue of their Geotechnical 
Pamphlet No. 10, which gives an interesting account 
of the type of problems encountered in Rock Mech- 
anics, and the methods of field and laboratory mea- 
surement. The publication is excellently produced and 
merits serious attention. 


WATER POWER September 1961 








Seventh Congress on Large Dams 


We publish a commentary on the proceedings 
of the Seventh Congress on Large Dams held in 
Rome from June 26 to July 1, 1961 


PART ONE 


OUR Questions were to be discussed at the 

Seventh Congress on Large Dams. Three of them 

(Questions 24, 26, and 27) were worded in such a 
manner that some of the most vital aspects of dam de- 
sign and construction are broadly covered. The fourth 
Question (Question 25) opens a new chapter .or the 
activities of the Congress, carefully worded as “Under- 
ground Work in Connection with Large Dams.” It 
covers, in fact, many aspects of Rock Mechanics, dam 
foundations, and work in tunnels and underground 
excavations, as seen from the practical and from the 
theoretical angles. Because of the imporiance and 
novelty of some of these problems, which in the past 
have never been discussed officially at previous Con- 
gresses on Large Dams, more attention will be given 
here to them. 

The other Questions were: 

Question 24: “The Selection, Processing and Speci- 
fication of Aggregates for Concrete for Large Dams”; 

Question 26: “Modern Techniques of Concrete 
Dams for Wide Valleys and Ancillary Works”; 

Question 27: “Sealing of Earth and Rockfill Dams 
with Bitumen and Other Materials.” 

Some papers published as “Communications” are 
very valuable contributions and wiil be noted here. 


Question 24: The Selection, Processing and Specifica- 
tion of Aggregates for Concrete for Large Dams 
Thirty papers were presented on this question. 

These include a long report (R.112) from the Italian 

Sub-Committee on Concrete, which contains, in addi- 

tion to the report of the sub-committee, eight reports 

on special subjects totalling 67 pages. Then there is a 

Communication C.25, entitled “Report Concerning a 

Summary of Experience of Concrete Technological 

Matters Discussed During the Congresses of 1948, 

1951, 1955, and 1958,” by the International Sub- 

Committee on Concrete for Large Dams (78 pages). 

There is ample matter concentrated in all these re- 

ports, but it is most difficult to summarise it, as a 

great proportion consists of details on aggregates, 

their size, proportions, petrography, chemistry and 
the methods and equipment used for processing them. 

The General Reporter, ProZessor Arredi, is likely to 

have come to similar conclusions, as most of his report 

consists of a series of summaries of the Reports sub- 
mitted to the Congress and little that is new is con- 
tained in his conclusions. 

Aggregates vary in quality and quantity from one 
country to another and no general conclusions are 
possible. 

At the end of his report the General Reporter 
writes: “It does not appear that a need for standards 
for aggregates for dams has been felt . . . It might 
possibly be advantageous to make a rational exten- 
sion to concrete for hydraulic structures of certain 
standards already in force in some countries but which 
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are recognised to be incomplete for such a specialised 
field. However, we cannot disregard the difficuliy 
which might arise because of the fact that they must 
be sufficiently elastic and wide to be applicable to the 
great variety of technical and economical conditions 
for aggregate supply which are encountered in dam 
construction.” 

Let us take a simple example concerning the avail- 
ability of good aggregates. Stucky, jun. (Switzerland, 
Report R.39) writes tnat natural aggregates of various 
origins, in wnich tne alpine and fore-aipine regions are 
ricn, are commonly used in this country; onty rarely 
is a quarry used. Selection, based on economic fac- 
tors, is also easy in most cases. Wilson’s report (Great 
Britain, R.33), some French reports, etc., arrive at 
similar conclusions. There comes a report (R.98) from 
Czechoslovakia by Bohac, Jirsak, and Kloub, which 
gives an account of a case where it was particularly 
difficult to obtain aggregates in the central Bohemian 
granodiorite massif and an area of algonkanian 
igneous rocks, which are metamorphic and schistose. 
Particu‘arly the granite was weathered to a consider- 
able depth. Tectonic disruption, chemical decom- 
position and particularly the non-uni.ormity oi the 
petrographic characteristics, weathering, the presence 
of pyrites and the schistose structure of the rocks of 
the second formation mean that they were virtually 
unusable despite their positive properties (specific 
gravity, absorption, strength, frost resistance). it was 
decided to use natural Elbe aggregates transported 
by rail more than 100 km. 

Similarly the Italian Committee Report (R.112) 
mentions (p. 65) that for Frera dam, concrete aggre- 
gates could be obtained from the following sources: 

(a) Rocks formed of muscovite mica schists, gneiss, 
chlorites and phyilites. These were rejected because, 
when crushed, they furnished small, compact poly- 
hedral and scaly, or needle-like, elements which had 
a high specific surface and settled with difficulty. 

(b) An outcrop of quarzite, when submitted to 
freezing tests, yielded uncertain results. It was neces- 
sary to use a fluvio-glacial deposit and have it graded 
and processed. 

Bloodgood and Price (USA, Report R.51) similarly 
describe the problems that arose in processing aggre- 
gates for the Glen Canyon dam. Fluvial deposits were 
a unique possibility. The aggregates were contam- 
inated by soluble sulphates, so energetic washing was 
used, a residue of 0-10% being tolerated with safety. 
Lightweight materials (ca’careous and shaly rocks 
and ferruginous concretions) caused surface deteriora- 
tion of the concrete in the form of “popouts” (without 
affecting its strength). It appeared necessary to pro- 
cess the aggregates and to eliminate material with a 
specific gravity less than 2:5. Separation was effected 
by a float process; the heavy medium used was a 
suspension in water of finely ground magnetite 
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(specific gravity:4°7) and ferrosilicon (specific 
gravity :6°9). The heavy particles of the aggregates 
were washed on a vibrating screen after leaving the 
separation pool; the light particies were rejected. 

lhese four cases show how difficult it 1s to find 
good-quality aggregates in some countries. An origi- 
nal and interesting method was used by Bohac, Jirsak, 
and Kloub (R.98) to determine the specific suriaces 
of sand. It consists of covering the surface of the 
aggregates with a film of mineral oil and then a very 
thin uniform layer of bronze powder. The amount of 
bronze powder used is compared with that used in a 
simiar way On small metailic balls of the same grad- 
ing as the aggregates and determines the surface area 
oi the aggregates. 

Several papers (R.14 by Hoon and Sharma, India. 
and R.12 by Orth and Berrod, France) show that the 
presence of mica in the sand has a deleterious effect 
on all the qualities of mortar. 

Paper R.87 by Numés and Machado, from Portugal, 
contains an interesting well-documented discussion on 
the problem of the maximum size of the aggregates. 
They are inclined to consider 150 mm as a convenient 
choice for this maximum, whereas some other authors 
would like to go higher than this figure. 

In his conclusion, the General Reporter, Prof. 
Arredi, writes that, “All the authors agree that petro- 
graphic examinations and direct physical tests on the 
aggregates can give informative, but not necessarily 
conclusive, resuits regarding the qualities of the con- 
crete. This applies especially to chemical reactions 
with alkalis and to frost resistance.” 

Concerning sand grading, he concludes: “It is now 
certain that the sand grading curve is of fundamental 
importance for the workability of concrete and all the 
qualities depending upon this. It is worked out for 
each individual case, but there is not yet enough in- 
formation available to determine whether there is a 
type of grading which would give the best results, 
and if so, what it is. The prevailing opinion seems to 
be that there are a number of curves which can give 
good results .. . 

“_ . . There is a general trend in favour of the 
elimination of the smallest particles (dust and flour) 
of less than 0-1 mm, but some authors consider it 
advantageous to leave a small quantity as this im- 
proves workability without deleterious effects on the 
other properties . . . 

* _.. Fine and very fine limestone sands give con- 
crete a greater degree of workability and increased 
strength and frost resistance, resulting from an inter- 
facial bond between such aggregates and the hy- 
drated cement compounds, due to physical or chemi- 
cal reactions.” (See papers by Farran, Maso, Duffaut, 
Orth, Stokolnikov, Arredi, etc.) 


Question 25: Underground Work in Connection with 

Large Dams 

Several years ago many members regularly attend- 
ing the Congress on Large Dams had reached the 
conclusion that, in some way or another, Rock 
Mechanics ought to be introduced into the discussions 
of the Congress. A Sub-Committee on Underground 
Works was then created, which held its first session 
during the Sixth Congress in New York. On the re- 
commendation of its Sub-Committee, the Inter- 
national Commission on Large Dams then accepted 
the cautious wording of Question No. 25. 
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Thirty-six papers were sent in, and several papers 
sent in as Coniributions also deal with similar sub- 
jects. [he material discussed in these papers reaches 
sometimes beyond the resiricted wording of Question 
25 as some of the authors describe, and comment on, 
underground work generally and some others deal 
with problems, methods, and theories which could be 
classified as chapters of Rock Mechanics. 1his was 
unavoidable and certainly is healthy; dam designers 
must be fully informed oi all the techniques and 
theories which—even remotely—are of interest to 
dam design and to dam foundations. 

Report R.1 by J. Laginha Serafim, the well-known 
Portuguese expert on arch dams, gives valuable in- 
formation on “Internal Stresses in Galleries.” Tests 
were carried out in the surge-chamber excavations of 
Canigada power plant and in the underground power 
house of Picote. In both cases the horizontal thrust 
component on rock was found to be a sizabie part of 
the vertical component. This was found to be a 
multiple of the overburden weight, pointing to im- 
portant tectonic stresses in the rock. Additional mea- 
surements were made to check how rock stresses are 
progressively (with a time lag of almost two months) 
transmitted to the concrete roof of the excavated 
cavern. After two years, complete relaxation has 
occurred. 

J. Talobre’s paper (R.37) on “Experimental Deter- 
mination of Rock Resistance on Dam Abutments and 
Excavation Walls” will retain the attention of spe- 
cialists. It deals with a standard method introduced 
by Talobre at Electricité de France for triaxial rock 
testing in situ. The method is a further development 
and simplified version of the method used by E.d.F. 
in the Bort-dam test tunnel and described by Talobre 
in his treatise on Rock Mechanics (Mécanique des 
Roches, 1958*). It consists of a 50-ton jack applying 
a localised load on the surface of the rock. Stress- 
strain curves are obtained which permit tracing the 
intrinsic curve characterising rock behaviour. The 
author illustrates his paper by several examples, and 
also deals with rockbolting and stability of tunnels. 

C. Jaeger’s paper (R.6) on “Recent British Experi- 
ence on Underground Work and Rock Mechanics” 
contains two most valuable tables (pages 4. 5, and 6) 
summarising important work done on dam founda- 
tion, tunnels, and large excavations in Great Britain 
or under supervision by British experts. The tables 
contain information on rock quality; number, spacing, 
and depth of boreholes; grouting pressure; and weight 
of cement absorbed. 

In Section III of this paper, on “Discussion on 
Problems of Rock Mechanics,” the author comments 
on the anchorage tests for Allt-Na-Lairige dam (see 
J. A. Banks, Trans. Fifth Congress on Large Dams, 
Paris, 1955). Stresses caused in rock during the 
anchorage tests are estimated. A further section deals 
with stresses round pressure tunnels and develops a 
new method for estimating the required overburden 
over a tunnel. The author shows that the minimum 
overburden required above a pressure tunnel is far 
greater in fissured rock than in sound rock. He also 
shows that it mainly depends on the ratio H/R of 
overburden H to tunnel radius R. 

Finally, the author suggests a method for testing 
rock, using prestressed cables anchored in boreholes. 





* Reviewed in WaTeR Power, January 1958, p. 33. 
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Such prestressed cables could be used in a direciion 
parallel to the main thrust from dam abutments or 
dam foundations, in order to test rock in a preferred 
direction. 

In Report R.96 by Z. Jirousek, entiiled “A Con- 
tribuiion to the Mechanics of the Siratified Rocks,” 
the stabi-ity of stratified rock without cohesion and 
with cohesion is considered. The steepest slope still 
stable is calculated for both cases. 1 he method is then 
extended to the thrust on tunnel soffits. Another paper 
by J. Straka (R.102) deals with similar problems. 

Most inieresting tests carried out in the tunnel of 
Kaunerial are described by H. Lauffer and G. Seeber 
in paper R.91. The method used allows direct mea- 
surement of rock displacements behind the lining 
when a tunnel section is being tested on a length of 
1-75 m under 100 kg/cm* uniform pressure obtained 
with a system of flat Freyssinet jacks. 

The minimum lining thickness and sirengih is then 
calculated on the basis of these direct measurements, 
which are being repeated in many tunnel sections 
characterised by different rock elasticity. 

This paper should be compared with papers R.89 
and R.84 on the Roselend/La-Bathie tunnei (France) 
and Communication C.13. 

Writing on “Safety of Rock Abutments on Concrete 
Dams” (paper R.90), L. Miiller states that “the safety 
of the rock abutments of concrete dams is mostly far 
lower than usually thought. The resistance properties 
of the rock masses are for the most part overesti- 
mated.” The resistance of rock “can be reduced con- 
siderably, sometimes spontaneously, by the pressure 
of the crack-water and that of the pore-water.” The 
author mentions some prior resulis obtained in Japan 
and suggests some methods of increasing the overall 
safety of dams, abutments included. L. Miller is con- 
sidered as one of the foremosi leaders of a new schoo! 
of geologists interested in the building-up of Rock 
Mechanics, and his opinion will ceriainly have great 
weight in the fu:ure development of this new phase 
of tunnel and dam engineering. 

“Design and Construciion Methods of Kariba 
Underground Works” are described and discussed in 
Report R.16 by R. G. T. Lane and J. W. Rofl. A 
description of the rather complicated large rock ex- 
cavations, intake shafts, tunnels, galleries, located 
near the right abutmeni of Kariba dam is given in 
Chapters 3, 4, and 5, whereas geological conditions 
are analysed in Chapter 2. Particular problems that 
affected the design and consiruction methods were: 
(1) The large excavation for the underground machine 
hall located beneath the reservoir; (2) the large pro- 
portion of rock to be removed; (3) the jointed nature 
of the quarzite; and furthermore, (4) the rock con- 
ditions due to a faulty zone affecting pari of the power 
house and shafis. Special measures—based on detailed 
theoretical research—were taken to drain the rock in 
order to avoid high water pressures behind the lin- 
ings. The distribution of water pressure in the rock 
was studied by an analogue method. The amount of 
seepage that has developed since impounding com- 
menced is very small. 

“Pressure Tests on Rock Galleries for the Ffestiniog 
Pumped Storage Plant” are described by E. J. K. 
Chapman in Paper R.22. The Ffestiniog pumped-stor- 
age plant is being constructed in North Wales ard will 
have an ultimate generating capacity of 300 MW. 
Pressure tests were carried out in four galleries, one 
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unlined, one steel-lined, and two concrete-lined, one 
of which was grouted to the same pressure as pro- 
posed for the concrete tunnel linings. The test galleries 
were driven from an adit off tunnel No. 3 (there are 
four tunnels), the rock cover at this section being 
approximately 65 m and the silistone rock strata 
dipping at 30°. Seismic tests showed the modulus of 
elasticity to vary between 465,000 kg/cm* up to 
585,000 kg/cm*. The effective modulus during tests 
in the unlined gallery was found to be 190,000 kg/cm? 
normal to the sirata and 210,000 to 530,000 kg/cm? 
in the direction of the bedding. The internal pressure 
in the unlined gallery was raised to a maximum of 
35 kg/cm* without any signs of tensile stress develop- 
ing in the rock, which would appear to indicate that 
the initial presiressing of the rock as postulated by 
Heim’s Theory (35 kg/cm* for 65-m overburden) was 
active. Tests in the steel-lined gallery confirmed that 
65% of the loading is being transferred to the con- 
crete and rock. 

Two papers, one by L. Pousse and P. Jacquin 
(R.89), and the other by J. P. Lajeat and M. Couri 
(R.84), deal with different aspects of the Roselend/ 
La-Bathie pressure tunnel. The greater part of the 
tunnel passes through very sound crystalline schists, 
but had to cross a limited number of triassic faults, 
mainly a 75-m long zone of crushed rock, flooded by 
underground water at 14 kg/cm* pressure. A special 
grouting treatment was applied with success. The 
tunnel has to stand an internal hydrostatic pressure 
of 15 kg/cm* (150 m of water). Under such a pressure, 
concrete placed with the cement gun or by conven- 
tional methods becomes fissured and pervious. A test 
made in the poor triassic rock with the so-called 
“Kernring” method failed. High-pressure grouting of 
the crystalline rock, behind the concrete lining, was 
successful. These experiments supplied the informa- 
tion required for calculating the linings of the pressure 
tunnel. They are either in metal or else composed of 
standard concrete, reinforced or not, and finished off 
in some cases by high-pressure grouting. A general 
test of watertightness showed that the mountain sup- 
plies enough water for raising the inside water pres- 
sure above the maximum siatic level from the 
Roselend reservoir. 

Report R.84 deals in detail with the grouting 
method used at Roselend/La-Bathie, which was a mix- 
ture of silicate grouting and cement grouting. Report 
R.89 deals additionally with pressure tests in the tun- 
nel (compare with Reports R.91 and C.13). 

Nino A. Biadene (R.118) describes some under- 
ground works carried out in connection with large 
dams by the Societa Adriatica di Elettricita. They 
include a large diaphragm built under the Sottosella 
dam, shafis, and galleries at Maina di Sauris dam, 
at Val Gallina reservoir, at Pieve di Cadore reservoir, 
and the extensive underground work at Vaiont dam. 

D. Snyder (R.58) discusses geological problems at 
Hills Creek dam (Oregon), caused “by the chaotic 
array of volcanic rocks involved, the structural charac- 
teristics of the complex system of faults found in the 
areas, the deep residual rock weathering and the 
general low structural strength of the rock.” It is 
shown that, with the proper evaluation of the geologi- 
cal conditions based on Rock Mechanics, the use of 
rockbolting and the control of drilling and blasting, 
slopes can be successfully excavated and stabilised 
for deep cuts, even in faulty weak rock. 
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Schulz. Thayer and Doody (R.57) report on the 
Oroville underground power plant, California (600 
MW), on preparatory geological research work and 
on alternative designs now under consideration. 

Report R.93 by Azevedo and Martins, and Report 
R.88 by Nunes, describe the extensive underground 
work on the power stations of Picote, Miranda, and 
Bemposta, on the Portuguese section of the Interna- 
tional Douro. Displacements of structures and of rock 
walls were measured, rock drained, etc. 

Fernandes (R.94) includes economic studies on 
underground works in his Report and compares the 
Portuguese underground power stations of Salamonde 
and Canicada with other well-known stations. 

From Spain comes a _ well-documented Report 
(R.124) by Artola on the underground work at 
Aldeavila dam, the extensive work done to locate and 
consolidate geological faults, and to test the rock. 

Special atcention will certainly be given to a Report 
(R.121) by Borovoy and Mamasakhlisov on “Some 
Constructional Features of Underground Structures 
in the USSR” which contains very precise informa- 
tion on the Russian techniques. 

The Piritikoski tailrace tunnel in Finland (Paper 
R.41 by Laurilla) is reminiscent of the latest Swedish 
tunnels (Siornorrfors and Harrsele). 

This list of Reports leads the reader only half 
through this Question No. 25. Many other papers of 
great interest came from the USA, the United Arab 
Republic (on the “Grouting of Nile Alluvials Under 
the Aswan High Dam,” by Abou Wafa), and from 
elsewhere. 

Among the Communications submitted to the Con- 
gress, Report C.8 by Ripley and Lee should be men- 
tioned. It is on the “Sliding-Friction Tests of Sedimen- 
tary Rock Specimens,” showing that the angle of fric- 
tion is increased by 2° to 13° for rough rock surfaces, 
as compared with smooth rock surfaces. 

Janod in Report C.13 gives valuable additional in- 
formation on the tests carried out for the design of 
the steel-lined shaft of Roselend. This report should 
be compared with Reports R.84 and R.91. 

Finally, Report C.15, by Bozori¢, on “Certain Prob- 
lems Pertaining to a Hollow Gravity Dam on Com- 
pressible Foundations,” touches a problem of funda- 
mental importance. The determination of contact 
stresses in the joint between the dam and the founda- 
tion rock when the elastic half-space representing the 
rock foundation is: 

(a) Homogeneous and isotropic (E = 4,000 kg/cm’). 
(b) Anisotropic, characterised by the increase of the 
modulus of deformability with depth, from E= 4,000 
kg/cm®* for depths of h’=0 to 12 m, to E= 24,000 kg 
cm’ for h’=12 to 40 m and E=80,000 kg/cm? for 
h’=40 m to infinity. 

The General Report by F. L. Lawton (Canada) is 
well worth reading at full length. The author of this 
report underlines the importance and breadth of the 
problems discussed under Question 25 and recom- 
mends the following subjects for discussion: 

(1) The unsatisfactory state of knowledge of the 
physical properties and behaviour of rock under stress 
and strain. The influence of internal stresses and 
creep on the behaviour of rock under load. The rela- 
tionship between the moduli of elasticity—Young’s 
shear, and Poisson’s ratio—as determined by static, 
dynamic, and seismic tests on rock in situ. Strain- 
gauge methods of ascertaining rock properties. Prac- 
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tical means of making low-cost repetitive tests on rock 
in situ, such as jacks and jack assemblies. Effect of 
rock stratification and grouting on rock properties. 
Rockbolting as a means of improving the behaviour 
of rock. Correlation of reconnaissance measurements 
of rock properties, obtained for design purposes, and 
observations made during construction. 

(2) Interrelationship between grouting and effect 
of crack- and pore-water pressures. Optimum grouting 
procedures and pressures for consolidation and cut-oft 
purposes in rock, particularly of great heterogeneity. 
Grouting procedures for alluvials and other uncon- 
solidated soils. Value of special grouting mixtures as 
compared with cement grout. Special continuing mea- 
sures for prevention of foundation deterioration. 

(3) Minimum rock cover over pressure tunnels. 
Maximum load taken by rock in a steel-lined tunnel. 
Optimum grouting pressures in tunnels. Factors con- 
trolling watertightness of concrete-iined tunnels. Best 
cross sections in soft or highly disturbed rock. 

(4) Methods of securing minimum disturbance in 
the rock surround of tunnels and underground chan- 
nels and in major surface excavations. 

(5) Relationship between effects of seismic and 
nearby man-made disturbances on concrete dams. 

The discussion on Question 25 was lively and well 
attended. It covered general problems and general 
considerations on Rock Mechanics (Puls, Bureau of 
Reclamation, USA, who underlined the lack of know- 
ledge on properties of rock) as well as practical dis- 
cussions on detailed technical items concerning Rock 
Mechanics. Eristovy (USSR) described difficult rock 
conditions in a 6-m diameter gallery where rockbolts 
gave way following plastic rock deformations. Talobre 
(Electricité de France, Paris) commented on the neces- 
sity of repeating measurements on rock. At least 10 
to 20 measurements were required in order to yield 
a reasonably reliable average figure. Artola (Spain) 
mentioned that for the large Aldeavila development 
45% of the costs were on underground work. 

Breusse (France) spoke about seismic and similar 
methods for testing rock, and Serafim (Portugal) com- 
mented on measurements made in his country. Jaeger 
(Great Britain) suggested a new method for triaxial 
tests on rock in situ. He proposed to use prestressed 
cables anchored in boreholes and creating a field of 
stresses more or less parallel to the borehole. A cylin- 
drical jack inserted at the top of the borehole would 
cause a second field of radial stresses starting from 
the borehole in a radial direction. Tensile circumferen- 
tial stresses then develop round the borehole, putting 
the rock under triaxial strain. Mohr circles and the 
corresponding intrinsic curve could be traced for rock 
in situ. This method was proposed as an alternative 
or supplement to the method of Talobre (France). 

Gill (India) commented about his experience at 
Bhakra dam, Miiller (Austria) informed the Congress 
about measurements he made in Japan. Gilg (Switzer- 
land), Pousse (France), and others, commented on 
their reports and added further information. 

After listening attentively to these discussions, the 
writer finds that there is little to add to the conclu- 
sions of the General Reporter. It is known that the 
Sub-Committee on Underground Works held a meet- 
ing in Rome, in order to try to co-ordinate efforts on 
research on Rock Mechanics, from the point of view 
of hydro-power engineering. 

(To be continued) 
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Rock Mechanics and Hydro- Power 


Engineering 


The author presents a case for a more scientific outlook 
on Rock Mechanics, and hopes as a result to stimulate 
more systematic research work. In the first of two articles, 
he suggests possible approaches to the study of rock 
stability, with particular reference to pressure tunnels 


By DR. CHARLES JAEGER* 


PART ONE 


LTHOUGH thousands of hydro-power tunnels 
A\ana concrete dams have been built in or on rock, 

failures are exceptionally rare, but when they 
do occur disaster may result, as in the case of the 
Kandersteg tunnel failure*®. The supply tunnel of this 
old power station was designed as a free-flow tunnel, 
but later it was put under moderate pressure. On 
three occasions fissures parallel to the tunnel axis 
occurred in good concrete lining. The lining was re- 
paired twice, but the third time, water seepage 
through the fissured lining caused a landslide; several 
people were killed and valuable property was de- 
stroyed. 

The cause of the rupture was traced to water 
hammer, which caused an upper harmonic of the 
tunnel to enter into resonance (it was the eleventh 
harmonic)*: *'. Rock near one of the pressure loops 
of the harmonic was weak, and this explained why 
the rupture of the lining occurred three times at the 
same spot, in spite of the repair work carried out. 
Water had seeped through three 30-m long and 3-cm 
wide fissures in the tunnel lining, then through per- 
vious rock material, and had finally accumulated on 
top of an impervious rock stratum (Fig. 1). A spring 
formed at the base of the slope, which became un- 
stable and slid. An unfortunate coincidence of high 
stresses in the lining and unfavourable geological 
conditions caused the disaster, and this is a pattern 
that may explain many accidents. 

Similar cases have been mentioned elsewhere. 
Sometimes the cause of the rupture has been traced 
to poor lining, as for instance in an incident in 
British Columbia, but more often to poor rock con- 
ditions. In particular, information coming from the 
region of the Andes shows that conditions there are 
often difficult, and landslides similar to that described 
above have occurred recently. 

It is not worth while to enlarge here on recent dam 
failures. The Malpasset tragedy is too recent not to 
be in every hydro-power engineer’s mind. We learn 
from the preliminary report just published in techni- 
cal papers that rock gave way at a certain depth be- 
low foundation level. 

Thousands of engineering designs are correct, but 
in exceptional cases they fail. Methods have to be 
elaborated to detect in time the weaknesses of these 
few exceptions. This article is an endeavour to stimu- 








* Civil-Engineering Consultant to The English Electric Co. Ltd. 
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late more systematic research work on the subject of 
Rock Mechanics, and it is hoped it will progressively 
lead to improved and safer design methods by initiat- 
ing discussion and controversyf. 

In the near future, engineers will be faced with the 
solution of more delicate problems. The best sites in 
the Alps and in many other parts of the world have 
been utilised; the sites that remain are less secure. In 
the Andes, the rock structure appears to be basically 
different from that of the Alps, and is far worse, 
sound rock being rare. The evolving technique will 
have to face new problems of building in or on in- 
different rock. 


Recent Developments in Rock Mechanics 

Unlike Soil Mechanics, which has a long, well- 
established record, Rock Mechanics’, when considered 
from the civil-engineering point of viewf, has a short 
history. The well-known textbook by Talobre§, the 
first comprehensive treatise on Rock Mechanics, is 
dated 1957. Serious technical studies on Rock 
Mechanics by engineers started with the report by A. 
Schrafl* concerning the accident to the Riton tunnel 
(1920). It was then, for the first time, proved that 
rock is an elastic medium. A few years later, several 
authors made use of this idea when calculating the 
resistance of concrete linings and steel linings in tun- 
nels. This theory’ was later reproduced in many text- 
books; it was one of the first attempts to explain the 
behaviour of rock when utilised as a material able 
to take stresses and loads. 

A major step forward was achieved in Rock 
Mechanics when the theory of the Swiss geologist, 
A. Heim, on rock prestressing was accepted by 
modern authors. It took years for the importance of 
the theories of this old master of the geology of the 
Alps to be rightly understood by engineers'; only 
then could a sound theory of the stresses in rock 
around tunnels be elaborated. More important still is 
the fact that only by using Heim’s hypothesis of rock 








t A provisional Sub-Committee on Underground Works has recently 
been established by the International Conference on Large Dams, and 
several national committees ot the same organisation are at work in 
different countries. The Colorado School of Mines and the University 
of Missouri have published two ‘‘Symposiums on Rock Mechanics" 
summarising valuable research work. Similar efforts were made in 
Belgium and East Germany (Leipzig) 


Precursors were T. Schmid, Zurich, and R. Fenner, Chile. (See refer- 
ences 4 and 7.) 


+e 


e721 


Reference 24. See also references 5, 7, and 17 
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prestressing can strain-stress diagrams obtained in 
tunnels be correctly interpreted. Another modern 
schoo! comprising geologists such as Stini and Miller, 
and engineers such as Oberti, Torre and Talobre, is 
centred on the Austrian journal Geologie und Bau- 
wesen. 

It is a characteristic feature of Rock Mechanics that 
all problems are interrelated. Strength of rock can- 
not be determined if rock prestressing in the three 
main directions is not known, since rock strength de- 
pends on it. The same applies to the water pressure 
in rock fissures and rock pores, and grouting prob- 
lems are intimately related to drainage problems. 
Finally no theory of dam foundations can be de- 
veloped on its own; most of the information we have 
on rock behaviour comes from tunnelling experience. 
This is why Rock Mechanics for dam foundations 
must be developed parallel to the evolving of tunnel- 
ling experience. There can be no closed door between 
these two main chapters of the same technique. 

Talobre, in the first chapter of his book, points to 
the differences between Soil Mechanics and Rock 
Mechanics. He stresses his aim of building up a 
science of rocks quite independent of the science of 
soils. In the meantime Soil Mechanics, too, has 
evolved*” Ihe idea of plasticity has now been in- 
troduced in modern Soil Mechanics, and the analysis 
of pore tension caused by water in soils has gone a 
step further. On the other hand, pore tension in con- 
crete dams has been thoroughly analysed. Rock 
Mechanics is now in a position slowly to build up its 
own methods, using to its best advantage whatever 
progress is being made in other domains. It is essen- 
tial for Rock Mechanics to keep in close touch with 
the progress of research in many fields. 


Immediate Aims of Rock Mechanics in Hydro-Power 

Engineering 

Supposing a rough draft were to be put up for 
further research in Rock Mechanics, the following 
remarks could tentatively be put forward: 

Rock is an anisotropic material. Its anisotropy is 
of a very special type as it is caused not only by its 
physical constants (elasticity, cohesion, crushing 
strength, etc.) being different in different directions, 
but by their abrupt variations, often within a limited 
space, and additionally by the occurrence of fissures, 
opened cracks, and cracks filled with clay, the direc- 
tions of which often vary at random. This basic 
heterogeneity of rock, which is not on a microscopic 
scale but on a huge macroscopic one, is one of the 
reasons why Rock Mechanics is so slow to develop. 
At a first attempt it seems unlikely that any mathe- 
matical analysis would be able to cope with such 
conditions. 

Let us take one example. A circular pressure tun- 
nel with inside pressure p excavated in a homo- 
geneous isotropic medium raises problems that can 
be solved by mathematical analysis, based on axial 
symmetry (Fig. 2a). When the same circular tunnel 
is supposed to be excavated in an anisotropic rock 
(Fig. 2b), showing for example different moduli of 
elasticity E and E,, the mathematical analysis would 
fail, for the time being at least, to describe the stress 
and strain distribution. On the other hand, we can- 
not dispense with a theoretical analysis of oversimpli- 
fied cases (isotropic medium). To discard it would 
lead nowhere; Rock Mechanics would be stagnant. 
When the mathematical analysis of conditions 


350 


assuming an isotropic medium proves to be too diffi- 
cult, as in the case of three-dimensional problems, 
the most recent methods of three-dimensional photo- 
elasticity could be used to find the correct strain and 
stress distribution. Efforts should then be made to 
find out, by selected tests, how strains and stresses 
in nature differ from the ideal solution. 

Alternative mathematical treatments should be 
worked out by changing the basic assumptions made 
on rock elasticity, cohesion, internal friction, rock 
cohesion, etc. By comparing the behaviour of rock 
with the different solutions obtained, something could 
be learned on physical rock properties. The mathe- 
matical treatment provides a frame for further re- 
search. In other words, part of the effort should be 
devoted to finding mathematical solutions to the prob- 
lems, based on an assumption of isotropy. By testing 
rock in situ it would be possible to obtain numerical 
values for some important physical properties of rock: 
by comparing tests and theory, something could pos- 
sibly be said about the safety of a design. 

There are some rock properties which are astonish- 
ingly constant in spite of widely varying conditions. 
It is well known, and has been proved by many 
tests*, that, after having submitted a rock to high 
triaxial loads, causing severe plastic deformation, 
the rock modulus of elasticity remains practically un- 
changed despite shears and possible rearrangement 
of crystals. Strain-stress curves revert to smooth 
curves with more-or-less constant angular gradients 
after having suffered sharp discontinuities or shown 
plastic yield of the rockt. 

it is likely that fissured rock, taken as a bulk mass, 
can be described using some “average’’ characteristic 
constants, such as rock cohesion and rock internal 
friction, in the same manner as a non-fissured mass 
of rock would be defined, the numerical values of the 
constants being obviously very much lower. Many 
test results have been published showing this ap- 
proach to be acceptable. It seems permissible, there- 
fore, to apply to anisotropic fissured rock, taken as 
a bulk, simplified mathematical developments, using 
the proper rock constants obtained by tests in situ, 
assuming implicitly a certain degree of isotropy. 
Constant vigilance would be necessary, and theoreti- 
cal results would have to be compared with measure- 
ments. 

The main effort would be to devise typical test 
methods yielding acceptable values for the rock con- 
Stants. 

An example may illustrate such an approach. The 
theory of rock stability round tunnels can be de- 
veloped assuming the rock to be either massive, 
radially fissured, or plastic. Depending on the as- 
sumptions made of the physical properties of rock, 
the results of the analysis are vastly different. It is. 
therefore, important, when designing tunnels, to be 
able to classify rocks, from this point of view, into: 

Solid, massive rock; 

Fissured rock (radially fissured): 

Plastic rock. 

A solid or massive rock with no fissures, or only 
a limited number, will be characterised by an intrinsic 


* Recent tests carried out on a large scale at the test gallery of Eichen 
(Switzerland), using pressures up to 200 kg/cm’, have confirmed the 
fact. Talobre in a recent report to the Seventh Congress on Large 
Dams arrives at the same conclusion.“ 


| Most strain-stress curves show the plastic deformations or rock. More 
attention should be given to deformations of the elastic type after 
plastic yield has been reached once or twice. (See Fig. 6b.) 
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FIG.3 


or envelope curve (Fig. 3) of the parabolic type similar 
to that obtained for concrete. Description of fis- 
sured (or plastic) rock is far more difficuit. It can 
have little or no cohesion depending on the type of 
fissures and on their direction relative to the princi- 
pal stresses. If cracks are filled with smooth clay 
the friction factor will fall. In the case of a pressure 
tunnel, fissures will develop in a radial direction. 

This classification is the more important as, de- 
pending on the loads and stresses, a solid rock under 
such conditions may become fissured and then plastic 
(as shown by the so-called rock “intrinsic curve’’), 
which will be discussed later (Figs. 3 and 6). On the 
other hand, it will be shown later that strain-stress 
curves precisely describe the progressive deteriora- 
tion of rock under high loads, and give precise hints 
on how deep the deterioration is penetrating into the 
rock. 

When testing rock in situ it is of great importance 
to know how deep the strains and stresses penetrate 
in the rock and what proportion of the mass of the 
rock is really submitted to the test. It will be found 
that the volume of rock which reacts to the tests de- 
pends on the type of test, on the load, on the area 
on which it is being applied, on the modulus of 
elasticity of the rock and also on the prestressing of 
the rock. All these points have to be analysed. When 
the mathematical analysis fails to describe clearly the 
Stress and strain conditions caused by the test and 
during it, triaxial photoelastic measurements could 
be helpful. 
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There is nothing like a definite figure that could 
be given for the in situ crushing strength of rock 
comparable with the crushing strength of concrete 
samples tested in a laboratory. To describe a rock 
in situ the following data should simultaneously be 
analysed and compared: 

The rock intrinsic curve (if such a curve exists); 

The rock elastic modulus and its plasticity; 

The rock prestressing. 

Alternative and varied methods of testing rock 
have to be used depending on the nature of the de- 
sign (pressure tunnel or dam foundation), and the 
importance of the load to be transmitted to the rock. 
More attention should be given to all details of the 
test. 

One of the most difficult points in the analysis of 
rock is to determine its prestressing in at least two 
characteristic directions. Stresses caused by rock pre- 
stressing have to be added everywhere to the stresses 
caused locally by excavations in the rock and by the 
loads applied. The final resulting rock stresses de- 
pend on the pre-existing rock prestressing:; this is 
quite obvious. In addition, this rock prestressing has 
a bearing on the rock strength, as this strength de- 
pends on the location of the Mohr circles represent- 
ing the overall stresses relative to a fixed curve called 
the intrinsic curve (Figs. 3 and 6). Finally, rock pre- 
stressing has a bearing on rock elasticity. A strongly 
prestressed rock will remain elastic, whereas it would 
become fissured or plastic if the prestressing were 
removed (Fig. 6, from Talobre). 
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Tests should be devised to show more clearly the 
effect of anisotropic-rock prestressing on anisotropic- 
rock strength. An additional criterion for rock iso- 
tropy and homogeneity should be introduced by 
comparing local rock deformation with overall rock 
yielding. When a section of a pressure gallery is sub- 
mitted to hydrostatic tests, a volumetric test gives the 
overall yielding of the rock versus the pressure size, 
and the average modulus of elasticity and rock 
plasticity. But local strain measurements will have 
to be analysed statistically in order to get an idea of 
the dispersion of the local strains and yielding com- 
pared to the average values. 

Statistical analysis of a great number of readings 
will become an essential tool of research in Rock 
Mechanics. 

Rocks should also be classified according to their 
ability to absorb grout under pressure. A moderately 
fissured rock can be transformed by grouting into a 
reasonably massive rock, at least in the neighbour- 
hood of a tunnel, an excavated cavern, or a dam 
abutment. Its modulus of elasticity can be stabilised 
or increased and its plasticity reduced. A rock of the 
clayish type, on the other hand, may be more diffi- 
cult to grout or may not be able to absorb any grout 
at all; the grouting will have no effect on its modulus 
of elasticity. When the rock does not absorb any, or 
only very little grout, it is either a very massive rock 
with few fissures or, conversely, a clayish type of rock 
that may have to be treated as a plastic body. Grout- 
ing may even be detrimental to such a rock. 

Concrete for dams is tested for its physical and 
chemical stability over a period of years, and tests 
are made at varying degrees of humidity and tem- 
perature. Rock may be less stable over the years 
than concrete. Some rock types are known to de- 
teriorate rapidly inside damp tunnels. A few weeks 
after blasting their strength decreases; the rock sur- 
face, which may have been hard immediately after 
blasting, can sometimes be scratched with a shoe a 
few weeks later. The experience of tunnel engineers 
should be passed on to dam designers. Some types of 
rock do not stand the action of water or of a damp 
atmosphere and it is doubtful whether they are suit- 
able for large dam foundations. A rock may offer a 
solid abutment to a new dam; after a few years, 
water pressure in the pores may have reduced its 
cohesion to less than at the start. The possibility of 
changes in the main physical properties of rock with 
the passing of time must be investigated. 

Finally, rock perviousness has to be analysed. It 
is of importance to know whether water seepage will 
occur through isolated rock fractures, causing 
dangerous uplift in the isolated fissures, or through 
a great number of small fissures, and bringing about 
a state of stress distribution similar to pore pressure 
in dams. 

It is suggested here that, in many cases, fissured 
rock with many thin fissures, or clayish rock, could 
be calculated for stability analysis, as a first approxi- 
mation, with methods akin to those used in Soil 
Mechanics. The immediate aim of Rock Mechanics 
in hydro-power engineering is manifold: 

(a) To proceed a step further with the analysis of 
rock stability around tunnels and under dam foun- 
dations. 

(b) To develop testing techniques able to produce 
numerical values for the main physical constants. 
to be used in the stability analysis. 


Ww 
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(c) To develop alternative testing techniques so that 
large masses of rock can be tested in situ, and 
results compared. 


Fundamental Aspects of Rock Mechanics and Rock 

Testing Techniques'* ** 

It is suggested that the mechanics of the rupture 
of massive or solid rock is best represented by Fig. 3 
where all the Mohr circles corresponding to cases of 
rupture have been traced. It will be found that a 
curve C exists which is the envelope to all these Mohr 
circles. Rupture or rearrangement of the rock struc- 
ture will occur any time a Mohr circle touches the 
curve C. No Mohr circle can cut C (with the possible 
exception of some circles representing pure shear 
stress). 

Alternatively the conditions for the rupture of rock 
can also be represented by Fig. 4, inspired by the 
theory of Soil Mechanics. 

Stability is achieved, according to Coulomb, if: 

7<(.c+o tan @ 
cohesion of rock, and tan #=f=internal 


where c 
0 and only 


friction of rock. Along a rock fissure c 
friction has to be considered (Fig. 4a). 
When a pore pressure, or uplift, « works in the rock 
pores or in the rock fissures, 
7<c+(o- 4) tan @ 

Rupture occurring during plastic yield conditions 
is represented schematically on Fig. 5. Rupture is 
determined by the “yield criterion” and occurs as 
soon as: 

o,-0,=>Y 
where Y is supposed to be a constant for the material*. 

In this case internal friction is assumed to be neg- 
ligible. The yield criterion has been widely used for 
establishing the theory of plastic deformation of 
metals, i.e., the rearrangement of crystals, as it allows 
a simpler mathematical approach than a theory which 
would include internal friction. For rock conditions, 
internal friction is high and results obtained by neg- 
lecting it are therefore over-pessimistic. On-the-spot 
geological surveys and in-situ testing of rock will 
show whether, and to what extent, rock on the site 
can be classified in any of these categories. 

Tests on massive or solid rock, carried out with 
hydraulic jacks inside pressure tunnels, have been 
described by Talobre**, Oberti*’, and others}. Fig. 6, 
taken from Talobre, shows that any Mohr circle that 
does not touch the envelope C corresponds to stable 
rock conditions. On a strain-stress diagram (Fig. 6b), 
the elements of curves 1-2, 4—S—6, or 7-8 correspond 
to purely elastic strains when the Mohr circle does 
not touch the curve C (Fig. 6a.). At point 2 the Mohr 
circle begins to touch C and the curve 2-3 corresponds 
to plastic deformation and rearrangement of the crys- 
tals in the rock. The same can be said of the curves 
3—4 and 6~7 of the strain-stress curve (Fig. 6b). For 
instance, it can be seen that both circles 6 and 7 of 
Fig. 6a do touch curve C. From 6 to 7 the circles are 
all tangential to C and there is plastic deformation of 
the rock. If the rock is then suddenly unloaded from 


* See reference 12, p. 19. The condition yg ow,=Y is also called the 
Tresca Yield Criterion (Comptes Rendus Acad. Sciences, Paris 59, 1864, 
p. 754) 


Von Mises, ‘““Géttinger Nachrichten, math.-physik. Klasse (1913),’" 
page 582, writes: (¢, —o@2)° +(o2—- a3)’ + (os — 7, ° = OK 

Most of the practical problems are dealt with by the simpler criterion 
of Tresca 


+ Correct stress-strain diagrams were first obtained in the tunnel of 
Amsteg in July 1921, by Swiss experts. (See reference 4.) 
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7 to 8, deformations are again elastic. On a strain- 
stress curve there are points like 2, 4, 8, where plastic 
rock deformation begins when the load drops. These 
points are used for calculating the stresses co, normal 
to o, (method of Talobre). 

Tests can be carried out inside impervious power 
tunnels, or steel-lined tunnels filled with water under 
pressure. The pressure p inside the lined tunnel is 
measured direct and the pressure o, on the rock (in a 
radial direction) is calculated, taking into account the 
thickness and elasticity of the lining. By raising and 
lowering the pressure p, strain-stress loops can be 
obtained which show elastic and plastic deformation 
on the strain-stress diagram, and which are used to 
trace the corresponding Mohr circles and their enve- 
lope. 

This method of hydrostatic loading for determining 
the intrinsic curve C has been used inside the Mal- 
govert tunnel (France). Similar tests are now being 
carried out at Eichen (Switzerland) on a very large 
scale, and others with a different technique at 
Kaunerial (Austrian Tyrol). 

In fissured rock the formula 


T.-C ‘ 
5 : sin @ 
6 €¢ Co @+o,+cC 
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FIG.9 
1, Rock under test; 2, Cylinder for axial thrust; 3, Oil pressure admis- 
sion to 2; 4, Cable; 5, Lower end of cable enclosed in rock; 6, Bore- 
hole in rock for radial loading: 7, Rubber hose inflated for radial loading 
of rock; 8, Canvas-reinforced ends of 7 vulcanised to serrated ends of 
tube 9; 9, Tube; 10, Oil pressure admission to rubber hose 7; 11, Steel 
block for axial loading of rock 


can be used. By repeating a similar procedure to that 
just described and tracing strain-stress loops in the 
elastic and plastic domain, the values of c and tan @ 
can be estimated. 

Four hydraulic jacks of 300 metric tons each were 
used in a tunnel near Bort dam, where the values of 
c cot ¢=10 kg/cm* and c=23 kg/cm’ were found, 
which characterise the rock. 

Electricité de France has developed the use of jacks 
still further and are now using a standard jack of 50 
tons described by Talobre*’. The stress distribution 
in rock caused by a small circular plate loaded with 
an isolated load P is a classical problem solved long 
ago. It causes a local overstressing of rock which is 
shown by Talobre to be sufficient for tracing the 
rock’s intrinsic curve. Talobre jack tests or equivalent 
tests will certainly become compulsory on major 
hydro-power sites. 

A third testing method with prestressed cables. 
anchored in the rock at a convenient depth, has been 
described in a recent paper*’, and the advantages of 
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this method have been described; it allows rock test- 
ing at several points, in any preferred direction, and 
for any length of time, at reasonable cost. This is of 
great importance, especially for testing rock abut- 
ments before a dam (or arch dam) design is finalised. 
In addition, the borehole used for cable stressing can 
be used for other tests. 

However, as explained before, a technique has been 
evolved, mainly by Electricité de France, for using 
tests in tunnels and galleries for tracing the envelope 
curve C to those Mohr circles causing rupture. It is 
expected that the cable-stressing method will yield 
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equally important information. The two methods may 
have to be used simultaneously, the cable stressing 
yielding information mainly on the superficial strain- 
stress relation, the tests inside galleries giving data on 
the rock strength at a greater depth. 

It is suggested that these same boreholes can be 
used for triaxial rock tests in situ. The importance of 
such tests is obvious, mainly for testing rock dam 
foundations, but also in tunnels and galleries. The 
basic idea is to cause two fields of stresses at right 
angles to each other. By tensioning the cable, an 
axial load can be transmitted to the rock in a direc- 
1961 
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tion parallel to the cable. Stresses in a direction per- 
pendicular to the cable are caused by a cylindrical 
jack located in the borehole at its top. Fig. 7 shows 
the two fields of forces p, =P/(A - a) where P=force 
in the cable, A=z D*/4=area of the steel block or 
circular slab transmitting the pressure p, to the rock, 
a=7z d*/4=cross section of the borehole. The cylin- 
drical hydraulic jack located at the top of the same 
borehole is meant to cause radial compression stresses 
+.=p., on the surrounding rock and circumferential 
tensile stresses —o, of the same magnitude. 
Deflections and deformations can be measured; alter- 
natively the testing arrangement can be calibrated. 

By progressively raising the pressure in the cylin- 
drical jack the surrounding rock will finally be 
brought to the conditions in which it would burst. 
The intrinsic curve C can be traced correctly for the 
in situ rock by varying the ratio p./p,. Different types 
of stress conditions can be investigated. Typical stress 
conditions occur when o,=p, and o,=p,=0 and 
when o,=p,=0 and o, p. (Fig. 8). 

Fig. 9 suggests a possible testing arrangement for 
a force P=50 tons and p, = 110 kg/cm*. An impor- 
tant point to be investigated concerns the depth at 
which stresses and strains can cause elastic or plastic 
deformations in the undisturbed rock, and the mass 
of rock that is involved in the test. These aspects of 
the problem will be dealt with later. 

Tests of this nature can be used for testing rock at 
different depths, by using the same cable conveniently 
anchored in the rock and by lowering the steel block 
and the cylindrical jack deeper in the borehole and 
locating them at the required depth. 

Triaxial compression tests on rock in situ are 
theoretically possible, using a similar approach, al- 
though they would be rather expensive. 

The “Talobre jack” method and the prestressed 
cable method should be analysed systematically on 
three-dimensional photoelastic models to get better 
information on the stress distribution in both cases, 
avd for comparison of test results. 
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Practical Examples of the Analysis of Rock Stability 

Around Pressure Tunnels 

The determination of the minimum rock overbur- 
den required over pressure tunnels is a much-disputed 
topic, and forms an excellent introduction to some 
basic problems of Rock Mechanics. The rules of 
thumb concerning the required overburden, on which 
tunnel designs are presently based, are hopelessly in- 
adequate and sometimes lead to contradictory conclu- 
sions'’. If the interest shifts from conventional hydro- 
power designs to other problems, such as the storage 
of high-pressure gases at greater depths or the design 
of underground nuclear or hydro-power stations, the 
necessity for a more scientific approach is even more 
urgent. 

Let us assume a pressure tunnel with diameter 2 R, 
located at a depth H under the horizontal rock sur- 
face. The hydrodynamic pressure in the tunnel is 
p/w=A H where H and p/w are in feet or in metres, 
and w=specific density of the water. 

The limit value of A has to be determined for safety 
against uplift of rock. An accepted rule of thumb 
assumes: 

pilw=4 H or A=} 
but a limited number of pressure tunnels have been 
designed for A=1, or even 2. This rule of thumb is 
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based on the idea that the weight of a slice of rock 
with a width B=2 R, a height H and a length=1 
should be equal to, or larger than, the vertical uplift 
on the same area 2 R 1, an additional “factor of 
safety” equal to 5 being included. If the rock density 
is w,=2°5 w then the limit value for A would be A 

w,/5 w=2-5/5=4 as indicated above. Such a rule is 


too crude an approach to a problem that requires 
further analysis. 


CaSE OF HARD UNFISSURED ROCK* (Fig. 10) 

According to Fig. 10, at a depth (H — x) under the 
surface the rock is loaded by its vertical weight w, 
(H — x). The rock compression in a vertical direction 
is o»=w, (H-x)=p* where p* is often called the 
rock prestressing. In a horizontal direction the rock 
compression is: 

o,=k w, (H-x) with k= 1. 

According to the modern assumption on hydrostatic 
stress distribution in prestressed rock, k should be 
taken as unity (k= 1) and «7, =«,=p*. Many measure- 
ments of rock prestressing have proved this rather 
boid assumption to be more or less correct, p* being 
the same in any direction (recent measurements made 
at Vancouver Island, Campbell Lake, in a concrete 
conduit under a heavy rockfill dam have shown k to 
be < 1. probably because internal friction of the rock- 
fill material slowed down its settlement, and equi- 
librium had not been reached after a period of about 
one year). 

On the other hand, at a distance x from the centre 
of the tunnel, filled with water at a pressure p, the 
circumferential tensile stress o, is” '*:** 

o,=p (R/x)’ - oC, 
where o,=radial compression. 
As the rock is not fissured, an arbitrary condition 


for the balance of stresses at a depth (H — x,) can be 
assumed, so that -o,<—o), or 
p (R/x,)? <k w, (H -x,) cd AD 
Writing that x,—H/n and p= w H, then 

\ <= (H/R)* k (w,/w) (n- 1)/n* 3. 
Let us assume that n=3, x,=H/3. = 2°5, &=—O TF, 
which are definitely conservative figures, then \=0-13 
(H/R)’, 
and for H/R 5 A= 32 
for H/R= 10 A= 13-0 
for H/R=100 A = 1,300 


This analysis is valid provided the rock is nowhere 
fissured. The rock’s permissible tensile strength o-, 
at the depth (H — x,) is neglected. 

The condition that at a depth H - x, no lifting of 
the rock should occur yields: 

p (R/x <w,(H - x) oe 
a condition usually less severe than condition (1). 


FISSURED Rock (Fig. 11) 

In rock with radial fissures the stresses decrease 
inversely with x. The condition now to be considered 
is that at a height x,=H/n above the tunnel centre- 
line fissures caused by tensile circumferential stresses 
should not occur, or 


p (R/x,)=A. nw RK w, (H-x,)+¢, 
or 
A. =k (w,/w) (H/R) (n-1)/n*?-o,/n w R 
. (4) 
* This case and the one foliowing are taken fr-m Repcrt R.6 submitted 
to the Seventh Congress on Large Dams, Rome, 1961. See references 


35 and 43 respectively 
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where «, is the permissible rock stress in a horizonial 
direction. It is positive when compressive, and nega- 
tive when tensile. 

Note. When a tunnel is steel-lined, the pressure to 
be considered is the one transmitted from steel lining 
to rock. This can easily be calculated by known 
methods’. 

The ratio of the values \ and A, given by formulae 
(2) and (4) is: 


\ k (w,/w) (H/RY (n-1)/n 
\ k (w./w)(H/R) (n-1)/n?-o,/n w R 
\t greater depths, with o, negligible compared to p’. 
r H 
rX. nR 


At lesser depths the terms containing o, are relatively 
more important. 

Usually formula (4) or even (2) imposes more 
severe conditions than formula (3), which is the one 
referring properly to uplift conditions. Avoiding 
fissures in rock is a condition overruling overburden 
conditions. 
DETERMINATION OF THE PERMISSIBLE ROCK STRESSES 

ow, AND o, (Fig. 12) 

In the previous paragraph a permissible rock stress 
ow, has been introduced; this stress requires a more 
precise description. 

Let us assume that the vertical stress on the rock 
at a point x is o,=0,=w, (H-x). If the envelope 
curve C to all the Mohr circles causing the rupture 
of the rock is known. a Mohr circle with a diameter 
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7,—@, tangential to C at point M determines the 
minimum permissible stress o,. Any circle with a 
diameter smaller than o, — o, will correspond to un- 
damaged rock. No circle can have a diameter greater 
than o, —o,, as rupture occurs by plastic yield of the 
rock. In Fig. 12, o, is a compression stress. On the 
same diagram another type of rock characterised by 
the curve C’ is represented. The permissible stress for 
such a rock is now o,’, which on the diagram is nega- 
tive. In no case does the o, or o,’ value reach the pure 
tensile stress Gmin. OF O' min. 

Whatever the value of o, or ,’, the relation is: 
T.3=—CO24 -— Or = k Ww, (H - 3 — Cr 
p R/x=o,=k w, (H-x,)-¢; 

(c, >0O when compressive) 


and 


THE ROCK SUFFERS PLASTIC DEFORMATIONS (Fig. 13) 

Clayish rock is plastic. More generally, over- 
stressed rock may be plastic rather than fissured and 
brittle. The stresses around a tunnel or gallery ex- 
cavated in plastic rock can be calculated with the 
mathematical theory of plasticity’ °°. 

The theory of plasticity applied to a cylindrical tube 
shows that there is a plastic inner region extending 
from a to d (a=r=—d) and an elastic region from 
from d to b (d=r=b). Before the strain in the 
cylinder develops, a=a, and b=hb, (initial values). 


Elastic Tube. When a tube is stressed elastically, 
the most general radial displacement is known to be 
of the form: 

u=A r+Blr. 
196] 
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The elastic equations in cylindrical co-ordinates 


(r, 0, z) are’: 
a E (A 3) o,-vV (ow, +4 o.) 
or a7 


4 


ee 


SE i=. =< E (4 : 3) o,-v (¢:+0,) 
r a 


E ¢.=0,-v (0,+@6) 
where o,, 7», and o, are the principal stresses, and 
€,, €s, €- are the strains in the directions r, 6, and Z, 
(v is Poisson’s ratio). A and B are determined by the 


conditions «=p on r=a, and o,=0 on r=,. 
(i+v) (1-2 v) p, (l+v) b.” p_ 
A=v 6-—F @Jjat-1) °°  EGeae-D 


The final expressions for the stresses are then 
o,=p (b,?/r’ - 1)/(b."/a,” - 1) 
og= —p (b.-jr? + 1)/(b,?/a," - 1) 
o:= -E e,-2 v pi{(b.?/a,’ - 1) 


Elastic region of a partly plastic tube. When the 
tube is partly plastic the stresses in the elastic region 
are still of the form: 

o,=C (b,’/r’- 1); oe C (b,?/r? +1) 
o.= —E e,-—2 v C=constant 

In the plastic region Tresca’s criterion (1864) fur- 
nishes: 

Ca ~*4 —- Y 
everywhere in the plastic region. This criterion is 
adopted for simplicity rather than the criterion of von 
Mises (1913) (c, - 7.)? + (oc. -—0;)? + (0, - o,)?=6 K’. 
where K = parameter. (According to Hill the final dif- 
ference in stresses calculated with both methods is 
small.) 

Hence C=Y d?/2 b,” and 

o,=(Y d?/2 b,?) (6,?/r* - 1) 


oe= —-(Y d?/2 b,?) (b,?/r° +4 | d<=r<=b, 
o E «,—v Y¥ d’/b,* 

The radial displacement is 
—. (l+v) ¥ d | he i Oe 
id > xe ities 


According to Hill'*, in the plastic region the equation 
of equilibrium, combined with o,-—o,=Y leads to: 
6 om Tr On " 

— —-=Y/r 

0, r 
Therefore: 


re” ae 
ys" te 
o, l fd d* 
Y z+ S) | 


after using the condition for continuity of o, across 
r=d. (The o, value for r=d at the boundary of the 
plastic region is far less than o, for r=d in the elastic 
region.) The internal pressure is thus given by*: 


p d : L d* 
Y mn (5) 2 (: b,? 


In order to adapt these results to the particular 
problem considered here, we shall write a= R, b=H, 
d=x, k=0-7, and also that d=x,—H/n when the 
limit at which plastic deformation should cease to 
occur has been chosen. Then p/w=A, H yields the 
corresponding A, ratio for the case of pressure gal- 
leries in partly plastic rock. 


O<— r= d) 


* L. B. Turner, Trans. Camb. Phil. Soc., No. 21 (1909), p. 377; and 
Engineering, No. 92 (1911), p. 115. 
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Numerical calculations have been done for X, A, A, 
assuming x,=x,—x,=H/n,n=3, and H/R to be 
variable. The result of this investigation is shown on 
the following table. 


H/R A Ay ‘. 
5 3-2 1-95 1-88 
10 13 3-9 3-4 

100 1,300 39 8-2 


This table clearly shows the paramount importance 
of the rock quality and rock strength when determin- 
ing the required overburden for protection of a pres- 
sure tunnel. Plastic rock may be substantially less safe 
than fissured rock, which, in turn, is less safe than 
solid massive rock. 

This typical example emphasises the importance of 
tests on rock, in order to determine its behaviour 
under stresses and strains, before any project is 
finalised. Incidentally, this calculation shows why a 
lining that remains unfissured in good rock must 
suddenly fail when the tunnel crosses weaker rock 
with plastic deformations. The whole calculation, 
which was initiated here in order to determine the 
rock overburden, can be used in order to calculate the 
required lining strength in rock of different types: 
massive, fissured, or plastic. 

CASE WHEN THE ROCK IS COVERED WITH LOOSI 

ALLUVIUM (Fig. 14) 

At the boundary of rock and alluvium the vertical 
stress o’=w’ h’ (w’=specific weight of the alluvium 
with thickness A’). At a distance x from the centre of 
the tunnel the vertical stress is 

o,=W’ h’+w” (h” -x) 
and the horizontal stress is 7,=k o>. 

As mentioned, measurements made in a concrete 
gallery under a rockfill dam showed an appreciable 
amount of horizontal prestressing a year after com- 
pletion of the dam; this seems to indicate that accept- 
able values of k can be introduced, since even under 
loose material—after a short period—stresses tend 
towards the “hydrostatic” stress distribution. 

At the boundary of rock and alluvium the o, for 
x=h” should be less than the permissible tensile stress 
in rock. For tunnel safety, rock at that level should 
not be fissured. Therefore the calculations have to be 
carried out for x=hA”/n with n> 1, as in sections (a) 
and (b). 


PRESSURE TUNNELS NEAR AN INCLINED SLOPE (Fig. 15) 

Rock Stresses. The case where a hydro-power pres- 
sure tunnel is located under a horizontal rock surface 
is rather the exception. Most hydro-power tunnels will 
be excavated in a direction parallel to a valley and be 
at a distance from an inclined slope. 

At a distance x from the cenire of the tunnel, radius 
R, the circumferential stress is 7, (determined as be- 
fore, depending on the type of rock). The depth of 
overburden at point N, measured from N’ on the 
length profile of the slope, is h which determines 
o,=w, h, and o,=k’ o,. The constant k’ is now sub- 
stantially less than k, the value assumed when the rock 
surface is horizontal. It must first be checked to see 
whether, with o,=k’ o,, the rock is stable (inside 
curve C) or near a state of plastic deformation (too 
near to curve C). Knowing o, and o,, the Mohr circle 
gives the compression stress o, in a direction a, which 
should show that 

Tr ZCq 
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Stresses at point M vertically above the tunne! 
centre must also be checked, as they may be less 
favourable than the stresses at point N. 

General Stability of Fissured Rock, when Infiltra- 
tions Occur. The equation giving the condition for 
no fissures to occur in the rock around the tunnel 

o,+k w, (H-x)-A. w H R/x=>0 


becomes for x 


R: 
o,t+kw,H (: i) A, w H>O 
or 
w, H-R v; 
NSTC DP ee 
For o«,=0: 
ss ~ H-R 8 
a 8 “ H k “ 


For values of A, greater than that given by the last 
equation, the rock will be fissured. If the lining is 
not watertight for that water pressure, water will pene- 
trate into the rock and percolate through it. 

In Fig. 16 it is assumed that the rock is stratified, 
the strata plunging towards the valley with an inclina- 
tion 8. The diagram shows the resultant P of the 
weight G. the hydrostatic thrust W, and the uplift U 
mA, wlH 


5 


(where m, < | is a coefficient taking into 
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account the fact that only part of the seam in the 
stratified rock is under uplift). 

Depending on the angle ¥ between this resultant P 
and the normal to the inclined strata (angle 8), the 
shaded mass of rock will be stable if J << ¢=angle 
of friction, and unstable if Y > ¢, as shown on Figs. 
16a and 16b. 

In plastic or near plastic material graphical stability 
analysis could be carried out on principles similar to 
those used in Soil Mechanics (Fig. 17). 

Both diagrams in Figs. 16 and 17 implicitly assume 
that the cohesion c of the rock is negligible (c=0). 
This is unlikely to be true in all the cases, and rock 
cohesion may give an additional safety factor against 
sliding, which can be estimated. 
PENETRATION OF STRAINS AND FISSURES IN THI 

Rock DuRING TESTS OF CAVITIES 

During pressure tests, as previously described, the 
rock is behaving as if it were breathing. When the 
hydrostatic load inside a tunnel rises, fissures pene- 
trate deeper into the rock, which deforms plastically. 
When the load is relieved, deformations return to 
elastic, as if the fissures were being closed. The 
Strain-stress diagram thus obtained (Fig. 6) can be 
used to estimate the depth at which fissures or plastic 
deformations penetrate into the rock. 
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For simplicity let us assume that a tunnel is filled 
with water under pressure and that the rock de- 
teriorates to a depth d, with radial fissures penetrat- 
ing to that depth. E is the modulus of elasticity of the 
sound rock, m its Poisson’s ratio, and EF, the modulus 
of the fissured rock (See Fig. 18). 


Let 
d-. 2-p =the deformation of elastic rock for x=b. 
de. 2-a=the deformation of elastic rock for x=d. 


6,;=the plastic deformation of the fissured rock 
cylinder with width d -— b. 
6=6,+6,, »-«=the total elastic-plastic deformation 
of the tunnel wall. 
The elastic lengthening U of any radius R of a 
thick cylinder (Fig. 18) is given by 
U=BR+C/R 
where B and C are constants depending on the 
boundary conditions’. For a tunnel with radius b and 
inside water pressure p: 
B-0. c=? bt (m + 1) 
Em 
and for R=b 
b (m+1) 
TE m 
When the rock is partly plastic and fissured radially, 
the pressure transmitted at the boundary of the fis- 
sured rock (R=d) to the sound rock is 
b 
2 
The total lengthening of the radius b is then: 


I b 





il Si p+p b/d (d-b) pa d (m+1) 
a _— ae a Em 
s=p (d° b*) pb (m+1) 

PTE d'E m 
— (d* — b*) b (m+ 1) 
= # et 

Ei 2 (f;,e6) d m | 
The ratio 8*=3/8,. ,-» becomes*: 

a _ (d?—b*) m E 

ee =| ‘4 2 bd (m+l1) &, | 


For rock the ratio (m+ 1)/m=1.3 is acceptable. En- 
gineers of the Swiss firm Motor-Columbust, when 
testing tunnels with acoustic methods, have found 
that E,/E = 0-6, down to a depth of about 2 m. A 
few published strain-stress diagrams obtained in tun- 
nels show values of 6*=3 to 10. 4* obviously de- 
pends on the hydrostatic pressure p used during the 
tests. 

From previous equations, the depth d at which 
open fissures penetrate into the rock during the tests 
is given by: 

a+ 


' m+ 1 
6*) 2 » 


(E,/E) b d- b?=0 


and 


m+ 1 
d/b=- 
m 


MCE 7 (E,/E) (8*-1) | +1 
mn 


. . c aT 
The following table contains values of 5 obtained 


(E,/E) (6* - 1) + 


for E,/E=1 and 0-6, and for 6*=3, 7, and 10. 


* The thickness and strength of the steel lining are not included in the 
formula. They could easily be accounted for. 

+ See reference 27. It is not clear if this lowering of rock elasticity Is 
caused by shattering due to rock blasting or to local overstressing of 
the rock 
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E,/E=1 E,/ E=0-6 
5* 3 7 10 3 7 10 
d ‘ ‘ ~ 7 
b 5-4 15-7 23-4 3-4 9-5 14-1 


One important conclusion has to be drawn from 
these calculations: The few strain-stress curves pub- 
lished in recent times show conclusively that pres- 
sure tests made in tunnels with the hydrostatic pres- 
sure method cause strains and plastic deformations 
(fissures) to penetrate deep into the rock. The volume 
of rock that gets stressed round the tunnel is quite 
considerable, and the tests really yield an average 
picture of the behaviour of rock considered as a 
bulk. 

The same problem concerning the depth of pene- 
tration of strains and stresses in the rock, and of 
the volume of rock strained by tests on rock in situ 
crops up with the prestressed-cable tests recom- 
mended earlier. Assuming that rock drilling does not 
change the coefficient of elasticity of the surround- 
ing rock, it can be assumed that E,=E and d/b may 
be from 5-20. Assuming the borehole diameter to 
be about 0°10 to 0:15 m for P=50 tons, fissures may 
penetrate about 0:25 to 1-5 m deep into the rock 
surrounding the borehole. With a suggested length 
/=1-0 to 1-2 m for the cylindical jack to be intro- 
duced in the borehole, the total volume of rock 
plastically deformed could reach 3 to 8 m*, during the 
first tests, before the plastically deformed rock 
stabilises. . 


PRESTRESSING OF ROCK 

The natural prestressing of rockt is so important 
a factor in the behaviour of rock and rock strength 
that some additional remarks should be devoted to 
it. 

The point first to be dealt with here concerns the 
stress distribution round a circular gallery excavated 
in rock. The basic equations for this theory were de- 
veloped years ago by J. Schmid, R. Fenner, Caquot- 
Kerisel and others. The best known English-language 
publication on the subject is that of Terzaghi and 
Richart. 

Let us assume that the rock is subject to two 
potential fields of parallel forces: p* in the vertical 
direction and kp* in the horizontal one. The circum- 
ferential stress o, is then given (Fig. 19) for the ver- 
tical field p* by 


: p* bh? p* 3 bt é 
=F (: + 4 : (: + ) cos 2 6 


For the horizontal field of forces k p*: 


Pe b? k p* 3 bt 
Tg = > ( +=) t > (! t P ) cos 2 @ 


Adding both fields yields: 





* ~ 2 
, F ? »* b 
oy= od tou" =F (th+5 & (1+k+ 
+ 3 bt 
i] ke 
f -( +— ) (k-1) cos 2 0 
2 - 
t It is usually assumed that the prestressing of rock depends on the 


rock overburden above the tunnel. Laghina Serafim (see Seventh Con- 
gress on Large Dams, paper R.1) says rock prestressing can be sub- 
stantially larger (p**>w, h) and due to tectonic forces and strains 
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For r=b 

* 

Oo, ran=- [2 (1+k)+4 (k-1) cos 2 8] 
For r=b and 6@=0, cos 2 6=1 
p* , 

a , “ (6 k 2) 

For r=b and @ 4 cos 2 @= - 1 
p* 4 
o; ~[(2 (1+k)+4 (l-&)] 

“, E- 6-24) 

For k=0 and r=b 
Tp p* for 6=O0 (tensile stress) 


o,—3 p* for 6=7/, (compressive stress) 
It is well known that for r=5b and k=] 
o,=2 p*, whatever the value of 6. 

For r > b: 

h 
Tr Pp Pp 

When the gallery is filled with water at the same 
pressure p=p*, tensile stresses round the tunnel de- 
crease with r* as shown by the formula 


ne 


o; p* h?/r? 
and everywhere in the rock 
oet+o.=p* 


Exactly the same occurs for the radial stresses o,. 
When the tunnel is filled with water at a pressure p 
p*, the rock stresses revert to what they were before 
the tunnel was excavated'’. 

More generally, when a tunnel is filled with water 
at a pressure p, the circumferential stress o, in rock 
caused by p is tensile, i.e. o, p. The condition for 
the resulting stress at the critical point, given by @=0 
(cos 2 @=0), to be a compressive stress is: 

1.=p=Hor p* (1+k) 
and with p*=w, h 
p =<— W 


h (1+k) 
or 


The smallest acceptable value for p is 
for k=0. p=w, h 
for k=1, p=2 w, h 

The main difference between this approach and 
the one developed earlier in this article is clear: In 
the previous section the stress distribution in rock 
was assumed to be given everywhere by its com- 
ponents p* and kp*, as if the excavation of a tunnel 
would have left ‘the rock undisturbed or, alterna- 
tively, as if any changes occurring in the rock strains 
and stresses would have died out after a length of 
time. 

It is now assumed that the excavation made in the 
rock really modifies the stresses and strains and that 
this modification remains permanent. 

There is no preof that this is so. Even granite has 
a high degree of plasticity and deformability, which 
readjusts strains and stresses with time. 

In spite of the fact that any engineer who has ever 
worked inside a tunnel knows that stresses and strains 
round a recently excavated gallery change with time, 
there is no mention anywhere in technical literature 
of any effort to measure these phenomena.* Measure- 


* A first attempt to base the design of linings on rock strains and de- 
formations is given in reference 43 
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ments in tunnels should be repeated over a period of 
many months to detect changes occurring in the 
reck. The method of prestressed cables could be 
considered for such repeated measurements. 


ADDITIONAL REMARKS ON STRAINED AND  PRE- 

STRESSED ROCK AND ON MEASUREMENTS 
(a) The importance of considering alternative 
methods of measurements for rock strains and 
stresses has already been underlined. The depth 
at which the plastic strains may penetrate into 
the rock has also been analysed. 

Most of the methods used for measuring 
stresses and strains disturb the pre-existing strain 
balance in the rock. This is true when excavating 
a tunnel, and is also true when drilling a test 
borehole in the tunnel wall. This three-dimen- 
sional stress problem is very complicated, and 
three-dimensional tests should be carried out 
either on small-scale models or on photoelastic 
models. It is possible that such models have been 
tested by others but to the author’s knowledge 
no results have been published. 

The prestressed-cable method for triaxial tests 
could be used to analyse rock anisotropy. Fig. 20 
shows two test boreholes drilled at right angles 
in the same transverse section of a tunnel. It is 
assumed that the anisotropy of the rock is due 
to rock prestressing with a value of k <1. Assum- 
ing the rock to be characterised by a certain intrin- 
sic curve C (Fig. 21), rupture of the rock would 
occur earlier in the vertical borehole than in the 
horizontal one when k < 1. Similarly, if the rock 
strength is different in the two directions, test 
results would be different from tests obtained in 
isotropic rock. 

Conditions in disturbed, fissured or crushed rock 
round tunnels should be studied and tested. The 
effect of grouting should be checked. Here again, 
prestressed cables located in rock and tested be- 
fore grouting should show any rock consolida- 
tion occurring after grouting. 

These remarks point to the necessity for a 
more systematic use of known testing techniques 
and to the necessity for developing new tech- 
niques. 


(b 


(c 


REMARKS ON STRESSES, ROCK STRENGTH, ELASTICITY 

AND PRESTRESSING 

For a given load the stress distribution depends 
on the physical rock properties. i.e., elasticity, 
plasticity and prestressing. It is different for a solid 
isotropic rock, a fissured rock and for a plastic rock. 

There is nothing like a given figure representing 
the strength of a rock. It can only be stated that a 
certain combination of stresses can be represented 
graphically by Mohr circles, which may or may not 
be near the intrinsic curve of the rock, or an equiva- 
lent curve describing rupture conditions. 

The rock strength is profoundly modified by rock 
prestressing and by pore pressure in the rock. 

All physical rock properties are interdependent. 
Any variation of one of them may cause others to 
change. 

The safety of hydro-power structures depends not 
only on rock strength, but on elastic and plastic de- 
formations as the corresponding moduli for rock 
can be far lower than the elastic modulus of concrete. 

(To be continued) 
1961 
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Soil Mechanics in Paris 


An account of the Fifth International Conference 
on Soil Mechanics and Foundation Engineering 


By F. A. SHARMAN, B:Sc., A.C.G.1., M.L-C.E. 


HE fifth International Conference attracted over 

1,000 participants from 50 different countries, and 

270 technical papers were presented. All these 
figures are substantially greater than those for the 
Fourth (London) Conference of 1957, and reveal the 
keen and increasing interest being taken in this im- 
portant science. The Conference met for six days in 
the splendid new UNESCO building near the Ecole 
Militaire. For the first time since the series started 
in 1936, Professor Terzaghi was missing. The news 
was that in spite of his recent serious illness he had 
been well enough to look through the papers pre- 
sented to the Conference and to send a message to the 
assembly. The creation of the Society, and its guid- 
ance for 21 years, will not be the least remembered 
achievement of this extraordinary man. 

Terzaghi retired from active Presidency in 1957, 
and was succeeded by Professor Skempton of Im- 
perial College, London, who had arranged the Paris 
Conference and who presided over it. In his opening 
address, Skempton referred to the importance of 
further study of rock mechanics. The Fréjus disaster, 
the site of which had been inspected by some 
members of the Large Dams Conference in the pre- 
ceding week, was in many minds. He spoke o: the 
increasing height of earth dams: one of 500 ft in 
America, and now a project for a 900-ft dam in 
Russia. Such structures are proof of the increasing 
confidence with which analysis of soil stresses can be 
made, but a note of caution ought, he said, to be 
struck as to the permissible assumptions of boundary 
distortion and stress distribution where very high 
stresses are involved. 

The technical sessions were built round the papers 
submitted, which had been divided into eight groups 
for discussion purposes. The papers in each of the 
eight groups had been summarised by a general re- 
porter, and the sessions were run as a discussion be- 
tween this general reporter and a chosen pane! of 
experts in the particular group subject, followed by 
contributions from the floor on particular aspects of 
the subject that the panel had agreed on as those most 
worth pursuing. The net result was that few papers 
received any critical scrutiny by the Conference, and 
the discussions were related to the original contribu- 
tions somewhat indirectly. 

The task of the general reporter was superhuman. 
For instance, the first session was devoted to the mea- 
surement of soil properties. Seventy-two papers had 
been contributed, many of which contained the fruit 
of years of work and study. The findings overlapped 
and contradicted each other in dozens of places. 
Ideally, the reporter’s summary would have exposed 
and evaluated all these conclusions, and presented an 
integrated map of the frontiers of knowledge in this 
sector; but the best any ordinary mortal could do was 
to give a more or less fair précis of each paper in a 
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couple of paragraphs, and end up with some reason- 
ably safe generalisations. Ones hope was that the 
authors might sort out some of their more important 
disagreements during the discussion. This did not 
happen very often, but when it did happen it provided 
the most fruitful part of the proceedings. For in- 
stance, during the first session, Denissov (USSR) 
attacked the whole effective-stress concept. He 
claimed that some degree of interparticle cementing 
always prevented the intergranular forces from acting 
in the simple way assumed by the theory. Contact 
area, he said, was of fundamental importance. Dr. 
Bishop (UK—lImperial College) immediately arose, 
armed as usual with results of impeccably conducted 
experiments, to prove that the effective-stress para- 
meters are independent of interparticle contact area, 
and that stress-strain relationships can be validly 
described with these parameters over a wide range. 
Geuze (Holland) also assailed the effective-stress 
theory, pointing to the important time-delay effects 
in strain, associated with thixotropy and apparent 
viscosity. and to the range of stress within which no 
permanent change in particle structure took place; 
these phenomena, he felt, were imperfectly dealt With. 

Bishop then demonstrated, with experimental re- 
sults, three conclusions: First, that pore pressures 
measured at the ends only of triaxial samples could be 
misleading; the pressure in other parts of the sample 
could be materially different. Second, that the pore 
air pressure in an unsaturated sample generally dif- 
fered from the pore water pressure with which it was 
in equilibrium, and produced different effects on inter- 
granular forces. Third, that plane strain shear 
characteristics differed from those measured in the 
triaxial test. All these are points of some importance 
to designers of dams and embankments, when they 
attempt to analyse and synthesise in terms of effec- 
tive-stress theory and soil properties measured in 
laboratory tests. The third of Bishop’s points gave 
some pleasure to Roscoe (UK—Cambridge Univer- 
sity), who welcomed what he described as “doubts” 
about the applicability of shear parameters measured 
in triaxial tests. The “Cambridge school” has long 
contended that Bishop’s analysis of shear needs modi- 
fying by an energy term, and Poorooshasb and Roscoe 
had presented a paper to the Conference on the 
“Correlation of Shear Test Results with Varying 
Degrees of Dilatation,” in which a welcome simolific- 
tion of this rather difficult treatment was put forward. 

Another lively discussion took place in the session 
devoted to “Earth Dams, Slopes and Open Excava- 
tions.” The general reporter (Trollope, of Australia), 
had referred in his opening remarks to the conclusion 
reached by some workers, that the effective cohesion 
of clays appeared to decrease over long periods of 
time, and finally became zero. Skempton intervened 
in the debate with an exceptionally lucid exposition 
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on this point. He corrected two general misconcep- 
tions: First, that C’ >0 was a universal truth, and 
second, that his name should be primarily associated 
with the theory. In fact, Rankine had said in 1857 that 
cohesion could not be depended on in the long term, 
and a year before the famous Jackville slip took 
place, a Yugoslavian professor had restated the idea. 
As for the circumstances for which it had been 
claimed that the hypothesis would hold good, one 
should examine the field evidence on which con- 
clusions on this point must be based. 

Two natural slips that had taken place after long 
periods of equilibrium had been reliably analysea 
one in the Carboniferous clays of Shropshire, and one 
in the Lias in Worcestershire. In the field, there was 
no doubt that C’ had become zero along the slip sur- 
face. But undisturbed samples of the material, taken 
near but clear of the rupture surface, gave cohesion 
intercepts of 200 to 300 lb/ft’. Two samples had been 
recovered from the slip zone itself, and these gave 
C’ ~~ 0 in laboratory tests. 

He emphasised that the material in these slip- 
surface zones was originally not different in any way 
from the rest; gradual softening had come about as 
the result of stress conditions. This appeared to 
happen only when the clay was fissured or jointed. 
The fissures might be quite tightly closed, as in Lon- 
don clay, but the masses still reacted differently from 
intact clay, such as was found at Lodano in Norway. 
He gave two examples of such intact clays, where 
stability was observed with cohesions of 180 and 210 
lb/ft* apparently acting, and where, if C’ had becom= 
zero, the factors of safety would have dropped re- 
spectively to 0-65 and 0-70. 

In a well-compacted earthfill dam or embankment, 
which would be lightly overconsolidated and homo- 
geneous, there ought to be no fissures, said Skemp- 
ton. There was therefore no reason to expect the 
apparent cohesion to disappear in the long term. 

It was clear from the reaction to this statement (0. 
which only a short summary has been given), that 
the possibility that ultimately the shear strength of 
clays might reduce to the frictional component had 
been bothering quite a lot of people. After all, noi 
sO many years ago it was orthodox advice that one 
should play safe by neglecting friction in clay banks, 
in case it should be seriously and unpredictably re- 
duced by excess pore pressures. A designer deprived 
of both friction and cohesion is in an exceptionally 
embarrassed condition; flatland is the only place for 
him. No doubt the original statements about C’ > 9 
were sufficiently cautious and qualified when studied 
carefully, but many were grateful for Skempton’s 
clear ard authoritative treatment. 

Trollope, during his opening remarks on the same 
session, started another line of discussion when he 
showed a film of circular slips on the downstream side 
of a model soil dam induced by upstream water pres- 
sure. The mode of failure could be followed very 
clearly because of the fluoroscein technique used in 
filming. He had worked out the computed factor of 
safety at actual failure by four different methods and 
obtained 0-81 by the Swedish method of slices, 1-12 
by Bishop’s 1955 method (Géotechnique, March 
1955), 0:59 by Bishop and Morgenstern’s latest pro- 
posal (Géotechnique, December 1960), and 0-94 by 
his own method depending on arching. He added that 
if the observed rather than the computed value of r, 
were substituted in Bishop's later method, the factor 
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of safety would change to a value of 0-95. 

Bishop indicated that his method was either not 
applicable or had been misapplied to this particular 
case. He restated the definition of factor of safety 
which he had used in his work, viz., the factors by 
which the effective stress parameters C’ and @’ must 
be reduced to produce a failure condition, and re- 
viewed the limitation of circular-arc analysis. Profes- 
sor Naylor (UK—Queens, Belfast) said that the 
normal definition of factor of safety would relate to 
the stability of the whole mass above the movement 
surface, but that this system failed for a frictional bank 
retaining soft fill. He sketched a failure surface which 
was concave downwards in the soft fill, and upwards 
in the retaining frictional bank, and suggested that 
the appropriate factor of safety was the ratio 

density of fill to permit failure 
actual density of fill 

A. L. Little (UK), after appealing for more recorded 
information on the dissipation of pore pressures on 
the upstream slopes of earth dams, recommended 
that when dealing with an overconsolidated clay, 
it was wise to make sure that the factor of safety was 
at any rate > 1 when C’> 0. 

From five days of discussion, it has only been pos- 
sible to give one or two examples to illustrate the 
exchanges that took place. It would be misleading 
to overemphasise the disputes. A respectably large 
body of soil mechanics knowledge is now so gener- 
ally accepted that it is not talked about any more, 
and one aspect of the Conference—the bringing to- 
gether of experience described and related within 
this tacitly agreed system—was a valuable achieve- 
ment. At the same time the Russians certainly, and 
other groups probably, have built up systems of 
thought and analysis that are quite different from 
those accepted by most of the western schools. Pro- 
fessor Sokolovsky, whose work is gradually becom- 
ing known in the west, gave some talks during the 
Conference which undoubtedly helped the hearers 
towards an understanding of an unfamiliar way of 
looking at things. In the end, theory and practice must 
benefit from cross-fertilisation of this kind, but those 
who have day-to-day problems to solve can only too 
easily bewilder themselves if they try to master all 
possible approaches. 

In the writer’s opinion the methods normally taught 
in Great Britain remain the best working rules for a 
wide range of problems, but it is permissible to doubt 
whether they will remain so when the alternative treat- 
ments have been simplified down and reconciled with 
the partial successes of the effective-stress theories. 

Towards the end of the proceedings, Turnbull 
(USA), in speaking of the relationship between 
laboratory and works techniques, appealed for a more 
strictly practical attitude to the subject as a whole, 
and a closer attention to the collection of reliable 
physical data. One of his points was that “we have 
not done a good job in selling soil mechanics as a 
grown-up subject to architects and clients and equip- 
ment manufacturers.” These phrases rang a little 
harshly in the predominantly academic atmosphere: 
did one really want to “sell” soil mechanics? But this 
down-to-earth attitude found some echoes in the 
assembly. Many of the less-academic members, 
especially those whose desire to speak had been frus- 
trated by the restriction of free discussion time, were 
inclined to think that the professors had rather had 
it their own way. However, written contributions to 
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the discussion will be published with the proceedings, 
and we may end up with a better-balanced combina- 
tion of theory and practice. 

The general reporters were al!owed a few minutes 
to attempt to sum up the discussions they had 
initiated. They could do little more than shine a torch 
on one or two prominent boulders among the moraine 
that speakers had left behind. One theme seemed to 
the writer to recur in several different contexts. It was 
that many of the confusions and misconceptions, both 
in analysis and in the interpretation of test results, can 
be traced to false assumptions about the effect of 
boundary conditions. It is hardly possible to be 
too cautious when comparing the behaviour of, for 
instance, a specimen under triaxial test, with that of 
similar soil element for which the thrusts, pore pres- 
sures and drainage paths are transmitted from the dis- 
torting boundaries of a large mass. 


Snowy Mountains Film 

The Snowy Mountains Hydro-Electric Authority 
has produced a fascinating film depicting the progress 
that has been made to date on this enormous scheme. 
The film, which is in colour, with sound track, and 
runs for about 20 minutes, is intended for a general 
audience but includes plenty to interest technical 
people. It commences with a simple and lucid outline 
of the scheme itself and shows views of completed 
structures such as Eucumbene, Tumut Pond, and 
Tantangara dams and Tumut | power station, and of 
work under construction such as Tumut 2 dam and 
power station. Tunnels form a vitally important part 
of the scheme, and tunnelling work is ably depicted. 
Apart from the technical side we obtain an excellent 
impression of the terrain, of the social implications of 
the scheme, and of the benefits that are being con- 
ferred by large-scale irrigation in the Murray and 
Murrumbidgee piains. Copies of the film are available 
on loan from the Authority’s headquarters in Cooma 
or from the film library of Australia House, London, 
W.C.2. 


ICOS Film 

The ICOS process is to be made available in Great 
Britain through the formation of a new company, 
ICOS (Great Britain) Limited. To mark the occasion 
a new film that clearly explained the process was re- 
cently shown in London. Various applications of the 
system have already been described in several articles 
describing European projects in this journal. Essen- 
tially it is a method of constructing concrete walls or 
diaphragms in the ground before any main excava- 
tion is commenced, using bentonite mud in the wall 
trench to stabilise the sides. The process has been 
applied to a variety of civil-engineering problems 
where piling might otherwise be used, such as in dam 
cut-offs, and is said to be equally applicable for tem- 
porary or permanent works. 





George Kent Limited, of Luton, Bedfordshire, Eng- 
land, have sent us an interesting and well-presented 
publication entitled “A History of Flow Measurement 
by Pressure-Difference Devices,” which is available 
at a cost of 10s. This is a collection of abstracts, 
papers and appendices, which were originally pub- 
lished as a series of articles in the /nstrument En- 
gineer between 1952 and 1959. The first five parts of 
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At the formal closing session, it was announced 
that the Sixth International Conference would take 
place in Montreal in 1965. A President from the con- 
tinent in which the next Conference is to be held is a 
practical necessity, and Professor Arthur Casagrande 
was duly elected. Casagrande’s own pioneer work, 
and his close association with Terzaghi in the early, 
heroic days, made this a popular choice. Skempton, 
in his final speech, paid tribute to the French National 
Committee, with whose help he had been able to plan 
two features of the Conference that will be memor- 
able to most visitors. The first was the use of the 
UNESCO building, where conditions for the large 
meetings, with simultaneous translation facilities, 
were ideally comfortable, and where small hails for 
minor group meetings were always available. Even 
more impressive was the entertainment devised for 
participants and their ladies at Versailles. 


the booklet are devoted to the early work of Venturi 
and Herschel, and to the later developments by Grout. 
Hodgson and others, and these include Hodgson’s 
famous paper to the Institution of Civil Engineers in 
1917. The appendices are informative, ranging from 
the basic theory of discharge through nozzles and 
orifices, and the determination of discharge co- 
efficients from damped-manometer readings, to the 
theory of various types of flow meter. Not all of this 
information refers specifically to water flow, as it 
covers gas, air and steam as well as water, but the 
publication as a whole should prove intriguing to 
all those engineers interested in the history of their 
science. 


Electronics Group Open New Works. The Solartron 
Electronic Group Ltd. recently competed the second 
phase of the expansion of their establishment at 
Farnborough, Hampshire, England. The new build- 
ings house the research and development department, 
the systems division, the transducer division, work- 
shops, laboratory and offices. 


Buyers Guide. The 1961 edition has been received 
from The Engineer, 28 Essex Street, Strand, London, 
W.C.2. Some 1,860 firms, representing all branches of 
industry, are included, and their products are ar- 
ranged under approximately 2,700 classified headings 
with 1,600 cross references. Copies are available at 
a cost of 12s. each, including postage, from The 
Engineer. 


Triplex Engineering Group, This group of companies 
have sent us an attractively presented brochure, 
which describes their wide range of industrial activity. 
Of particular interest are the references to castings 
and fabrications for the heavy electrical industry. 
Copies of the brochure may be obtained from the 
Sales Manager, Weldall & Assembly Limited, Old 
Wharf Road, Stourbridge, Worcestershire, England. 


Bryans Aeroquipment Limited. This firm, of Willow 
Lane, Mitcham Junction, Surrey, England, have sent 
us catalogue No. 1806 describing their X¥ and Y 
co-ordinate plotting table, and catalogue No. 1959, 
which describes their point plotter. The plotting table 
is a self-contained instrument, whereas the point 
plotter is primarily designed for use with the plotting 
table. 
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Fig. 29. Pyhdkoski machine hall 
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Power from the Oulu 


In this final article we complete our description of the stations 
on the main Oulu watercourse. This catchment will have an 
aggregate installed capacity of 530 MW and an average 


annual output 


PART 


AST monih we described the stations on the upper 
I tii of the Oulu main watercourse, which 

were built by the Jylhama construction group. 
Iz now remains only to describe the stations on the 
lower part of the watercourse, of which Piailli, 
Pyhikoski and Montta were built by the Pyhakoski 
construction group and Merikoski is the property of 
the city of Oulu. 


Palli Station 

Palli station, the next below Utanen, is 9 km. above 
Pyniikoski, and Pyhikoski was used as the construc- 
tion centre. As will be seen from the plan, Fig. 285, 
the station. spillway and dam are placed across the 
main river bed, and considerable excavation was re- 
quired to cut the necessary headrace and tailrace 
channels. The site was cofferdammed off in the win- 
ter of 1949, and 500,000 cu. m. of earth and 50,000 
cu. m. of rock removed. The main part of the tailrace, 
entailing the removal of 600,000 cu. m. of material, 
was dredged in 1957 when the 6 cu. m. dragline was 
released from Utanen. 

The station building, a section through which is 
given in Fig. 28a, was the first in which prefabricated 
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of 2,750 GWh 


FOUR 


insulated concrete wall panels were used. It is served 
by a Valmet crane. 

Three 17 MW Tampella/Str6émberg vertical Kaplan 
generating sets, feeding through ACEC transformers, 
are in service. The turbines operate under a head of 
13-9 m., and the average annual output of the station 
is 260 GWh. 


Pyhakoski Station. 

Pyhakoski was the first station to be built by 
Oulujoki Oy and is the largest; indeed, it is the 
second largest station in Finland, being smaller only 
than Imatra, which has a capacity of 156 MW. 

Work was started in 1941, but owing to war con- 
ditions comparatively little progress was made until 
1945, after which work proceeded at an increasing 
tempo until its completion in 1948. 

A map of the development is given in Fig. 28d, a 
section through the station in Fig. 28c, and a general 
view in Fig. | (June issue). The head of 32 m. is the 
highest developed in the catchment, and as the sta- 
tion is situated at the lower end of the rapids the 
structures are high, rising to as much as 50 m. over 
bedrock. On the other hand, no channe!s had to be 


365 











Fig. 30. Palli power station from downstream 


cut. and as the river banks were high, no lateral dykes 
had to be built. 

The power station is located on the south bank of 
the river, the channel being closed by a concrete 
gravity dam. Next to the station are an ice chute and 
a fishway, and at the north end is a spillway having 
two openings controlled by 14 m. by 6:25 m. Tampella 
tainter gates and discharging to stilling basins. In 
addition, the dam was built with eight vertical bot- 
tom openings, each 1-6 m. wide by 7:5 m. high, to 
pass the flow during construction, after which four of 
the openings were plugged with concrete. The other 
four openings are closed by gates to allow the reser- 
voir to be emptied. 

We have already explained that Pyhakoski is the 
operational headquarters of the entire Oulujoki sys- 
tem and that the station accommodates indoor-type 
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transformers and high-voltage switchgear. These re- 
quirements are reflected in the size of the power- 
station building, which has a total volume of 150,000 
cu. m. and is 61 m. high. The machine hall is 64 m. 
long and is served by two 120 ton Kone cranes. Above 
the concrete penstock structure and adjoining the 
machine hall (see Fig. 29) is a building containing a 
multiplicity of chambers, including the control room, 
110 kV switchgear hall, main transformer hall, bat- 
tery room, telephone equipment room, and a chamber 
for the compressed-air installation. At the end of this 
building facing the spillway is a 12 storey suite of 
offices. 

A railway track extends to an unloading bay in the 
embankment end of the station building. A loading 
shaft, served by a 75 ton Kone crane, enables equip- 
ment to be lified from the railway wagon or road 
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3]. Pyhdkoski control room, which will ultimately control the entire Oulu network 


—— 
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Fig. 32. Upstream view of Montta power station 


lorry and lowered directly down to the machine-hall 
assembly bay. or, with the aid of removable rail gir- 
ders, to transformer-hall or switchgear-hall level. 

Three 40 MW sets constitute the generating equip- 
ment. The turbines are vertical Kaplan machines built 
by Tampella Engineering Works, each rated at 51,000 
h.p. when running at 150 r.p.m. under a head of 32 
m. They are controlled by ASEA electro-hydraulic 
governing equipment. 

War conditions introduced serious difficulties in the 
supply of the generators, owing to shortage of cur- 
rency and long delivery times. Originally these, to- 
gether with the main transformers, were ordered from 
Germany, but after the peace treaty it proved impos- 
sible to obtain them. The first generator was finally 
ordered from ASEA of Sweden in 1945, and was 
delivered in time for the first set to be put into opera- 
tion in the spring of 1949. The other two were 
ordered from England, but as the delivery time proved 








to be very uncertain the order was eventually placed 
with the General Electric Company of America. These 
sets came into service in 1951. 

Each generator is coupled to a 40 MVA 10-5/115-5 
kV three-phase transformer; two of these transfor- 
mers are of English Electric manufacture and the 
third is by ACEC. The high-voltage cables from these 
transformers are taken up to the 110 kV switchgear 
hall on the storey above, which was equipped through- 
out by Metropolitan-Vickers Electrical Co. Ltd. (now 
Associated Electrical Indusiries Limited). 

A 20 kV system interlinks the various stations on 
the river for standby purposes and also provides the 
local supplies; at Pyhakoski this system is fed from 
the 10 kV bars through two 3 MVA 10-°5/21 kV 
Ferranti transformers. The station auxiliaries are sup- 
plied at 400 V through two 1,000 kVA Ferranti trans- 
formers. 

Six 110 kV lines are taken off from the top of the 
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Fig. 33. Montta station section and site plan 
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Fig. 34. General view of Pyhdkoski switchyard 


power-station building—two to Palli, one to Montta. 
one to Merikoski, and two to a 220 kV ouidoor 
switchyard (Fig. 34) on the south bank of the river. 
The 220 kV line from Nuojua feeds into this switch- 
yard, and two lines depart from here, one to the south 
of Finland and the other to Pikkarala where it links 
up with the 400 kV trunk line from Kemi to the 
south. 

At present there are two main 110/220 kV trans- 
formers, each consisting of three sing'e-phase 50 MVA 
units built by ACEC, Belgium. A fourth ACEC unit 
is available as a spare, and two further units are on 
order to complete a second three-phase bank. 

There are also two 20 MVA neutral-point regulat- 
ing transformers, one by ACEC and one by Elektro- 
mekano, Sweden. 

The switchgear comprises six 220 kV air-blast cir- 
cuit breakers supplied by Metropolitan-Vickers Elec- 
trical Co. Lid. (now AE}l). 

The 220 kV, 110 kV and 20 kV systems are all 
supervised from the station control room, which was 
equipped by ASEA. This company also supplied the 
voltage regulators. The automatic synchronising appa- 
ratus, the protective gear, and the distance relays for 
the transmission lines are of Brown Boveri manu- 
faciure. 

A system is in course of installation for the remote 
control of all the stations on the system and also of 
the 220 kV link to Sweden, but at present the relevant 
board provides indications only. 

The compressed-air system, which comprises Rea- 
vell compressors and Foxboro-Y oxall reducing valves, 
supplies air at 40 atm. for the generator brakes, 20 
atm. for the circuit breakers and 10 atm. for the 
isolators. 

Before leaving Pyhakoski we must mention the un- 
usually well-equipped soil-mechanics and concrete- 
test laboratory which is housed in the station building. 
This laboratory is able to handle all questions coming 
within the field of geology, geophysics, soil mechanics. 
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concrete and special concreting techniques. 
Hydraulic tests are carried out in a laboratory in 
Helsinki which is shared with Imatran Voima Oy. 


Montta Station 

Montta power station, some 10 km. below Pyha- 
koski, is the farthest downstream of the plants buili 
by Oulujoki Oy. It has an aggregate installed capacity 
of 40 MW in three sets operating under a head of 
12:2 m., and can produce an average of 230 GWh. 

From the site plan given in Fig. 33 it will be seen 
that advantage has been taken of a sharp bend in the 
river to locate the intake, power house and tailrace 
across the ang'e of the bend. The spillway and dam 
are disposed at an angle to the power house and lie 
across the original river bed. 

The constructional problem at Montta differed 
from that of the other stations in that foundation con- 
ditions were difficult. The power house is founded on 
a claystone, which is very firm when dry but softens 
when wet, and it was necessary to safeguard the bui!d- 
ing against sliding or tilting. The dam and spillway 
rest on a thick moraine layer above the claystone, the 
moraine layer being sealed off by an ICOS-Veder con- 
crete cut-off wall taken down to the claystone, the 
depth in places being as much as 40 m. The dam is 
of the earthfill type with a central impervious core 
into which the concrete cui-off wall projects. The 
spillway is built on a wide concrete raft, hinged to 
the cut-off wall. It has two openings controlled by 
tainter gates, and also two bottom openings which 
were used to pass the river flow during the construc- 
tion of the power house. 

The section through the power station, Fig. 33, 
shows, in part. the precautions taken to ensure the 
stability of the building. Under the intake the struc- 
ture is taken right down to the claystone by means of 
two massive concrete walls standing on heavy footings 
and embracing a two-storey inspection and drainage 
chamber. Further resistance to movement has been 
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secured by cutting a huge trench below the mouths 
of the draft tubes and filling it with concrete to form 
a deep key. Furthermore, the floors of the intake 
channel and of the tailrace in the vicinity of the draft- 
tube outlets are covered with concrete slabs. The tail- 
race has been excavated almost entirely in light sandy 
soil, and the upper portions of the flanks had to be 
protected by concrete slabs. 

The generating sets ai Montta are rated at 13-5 MW 
and consist of Tampella Kaplan turbines coupled to 
AEG generators. The inlet gates were supplied by 
Tampella and the draft-tube gates, spillway gates and 
machine-hall crane by Valmet Oy. The main trans- 
formers were built by S.A. des Ateliers de Sécheron. 


Merikoski Station 

As already explained, Merikoski station does not 
come within the province of Oulujoki Oy but is the 
property of the city of Oulu. Its design was enirusted 
to “Consulting”’—the Construction Division of the 
Finnish Association for Power and Fuel Economy 
(EKONO), and it was built by Oy Vesirakentaja. 
Preliminary work was started in 1939, but on account 
of the war it was not possible to commission the first 
unit until 1948, the second following in 1950 and the 
third in 1954. The generating equipment consists of 
three 12 MW sets working under a head of 11 m. and 
producing 200 GWh in an average year. 


Electrical System 

We have already outlined the main features of the 
electrical system in the course of our accounts of the 
individual siations, but it may be helpful to sum- 
marise the information here in order that an overall 
picture may be presented. 

To handle the main output the various stations are 
connected to one or both of two voltages—110 kV 
and 220 kV. In the Ema watercourse, power is 
brought down at 110 kV to Seitenoikea, whence a 
220 kV line transfers it to Nuojua. At Nuojua, power 
is also received from Jylhama at 110 kV and stepped 
up to 220 kV. and the total output is dispatched at 


British Standard for Metal-Arc Welding 

of Pipelines 

Lack of uniformity in welds employed for joints in 
pipelines, and for securing flanges and attachments, 
such as anchor plates, to pipes can result from varia- 
tions in the methods of weld preparation, in welding 
and heat treatment procedures, in the training and 
testing of welders, and in the inspection and testing 
of production welds. Good practice in all these re- 
spects is now said to have been established, and there- 
fore a series of British Standards is being issued to 
cover the production of welds in pipelines and pipe 
assemblies of any material used sufficiently widely to 
warrant its inclusion. 

B.S. 2971 is the fourth standard in this series. It 
covers shop and site metal-arc welding of joints in 
carbon-steel pipelines and pipe assemblies of up to, 
and including, 24 in diameter. It also deals with the 
standards of workmanship of which the welders 
should be capable and the standards to which the 
welds should conform. It deals with butt welding, 
with or without a backing ring, where the welding is 
done from the outside only. and the welding of gus- 
seted bends, sleeve joints, branches and flanges. 
Copies of this standard may be obtained from the 
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220 kV over two lines, one leading to Pyhakoski via 
Utanen and the other io the south of Finland. Pyha- 
koski also receives power at 110 kV from Pialli. 
Montta and Merikoski, and sends out power at 220 
kV over two lines. one of which forms a second trunk 
main to the south of Finland and the other goes to 
Pikkarala substation to feed the 400 kV line from the 
Kemi River to the south. 

Pyhdkoski will ultimately control the entire system 
by means of remoie-control apparatus, including the 
Pykkarala substation and the 200 kV link wi-h 
Sweden from Petdjaskoski. 

The bulk transmission of power to the south of 
Finland is the responsibility of Imatran Voima Oy. 
and for further details of the design of the transmis- 
sion lines we wouid refer the reader to the article 
“Designing Low-Cost Transmission Lines” by L. 
Haro and P. Haapanen, published in our May 1960 
issue. 

In addition to the main network just described, the 
Oulujoki stations are interconnected at 20 kV to 
maintain local public supplies and to provide standby 
power for the station auxiliaries. 
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age. 


New British Standard. British Standard No. 3318 has 
recently been issued, and is likely to be of value to 
those concerned with construction equipment. It is 
entitled “Methods for Locating the Centre of Gravity 
of Heavy Objects.” and gives simple methods for the 
determination of the centre of gravity and the over- 
turning angle of such heavy objects as cranes and 
tractors. The three methods recommended for esti- 
mating the centre of gravity are based on the use of 
a weighbridge, a pivoted inclined ramp, and suspen- 
sion from a suitable overhead point. In the case of 
mobile equipment, the determination of the overturn- 
ing angle is usually more valuable, and a suitable 
method is proposed. B.S. 3318 may be obtained from 
the British Standards Institution, 2 Park Street. Lon- 
don, W.1. 

Aluminium Wire and Cable. This is the title of an 
interesting booklet produced by the Aluminium Wire 
& Cable Co. Ltd., 2 St. James’s Square, London, 
S.W.1, which describes the company’s varied products 
and the methods of manufacture. 
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Protective Coatings for Tunnels and Penstocks 





View of the access point to one of the Ffestiniog penstocks 


In 1960 E. & F. Richardson Limited were awarded 
a contract by the Central E.ectricity Generating 
Board for the protective coating of all the steel tunnel 
linings and penstocks for the Ffestiniog pumped- 
storage scheme and the Rheidol hydro-electric 
scheme, both in Wales. The methods now being used 
by their associate company, Coating Contractors 
Limited, are said to be in many respects new and 
probably to represent one of the first applications of 
automatic surface preparation, followed by the appli- 
cation of high-build cataiysed coatings by hot spray 
technique. 

The Ffestiniog scheme is situated in Merioneth, the 
upper reservoir being formed by the en:argement of 
the Llyn Stw:an by the construction of a 100-ft high 
massive-buttress dam. There are two 14-ft 6-in dia- 
meter vertical shafts 680 ft deep, and each shaft bifur- 
cates into two 9-ft 5-in diameter tunne!s, each being 
3,800 ft long. These tunnels emerge from the moun- 
tain side 200 ft above the 300-MW power station, 
and join four 7-ft 6-in diameter penstocks of “Coltuf” 
steel encased in prestressed concrete. A gravity dam 
1,800 ft wide and 40 ft high across the Afon-y-Stradu 
stream forms the lower reservoir. 

The Rheidol scheme is an orthodox hydro-electric 
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project in two stages, the upper stage being fed from 
the Nant-y-Moch reservoir, situated behind a 170-ft 
high massive-buttress dam. The water is conveyed 
through a 9-ft 6-in diameter tunnel to the Dinas power 
station, which will have a capacity of 12 MW. The 
tailrace from this power station discharges into an 
intermediate reservoir, from which the water is con- 
veyed through a second 9-ft 6-in diameter tunnel to 
the 36-MW power station at Cwm Rheidol. The tail- 
race of this station discharges into a reguiating reser- 
voir, the dam for which contains a 1-MW unit. 

The Central Electricity Generating Board and their 
consultants considered very fully the means to be 
employed for protecting the steel tunnel linings and 
penstocks from corrosion and abrasion, and a com- 
prehensive series of tests were carried out, the results 
being utilised for both projects. These tests started in 
1959. At an early juncture it was decided that irre- 
spective of the coating system emp‘oyed, surface pre- 
paration by blast cleaning was virtually essential and, 
therefore, all subsequent tests were carried out on 
blast-cleaned panels. 

A number of specialist manufacturers were invited 
to submit suitable materials, together with an assess- 
ment of the cost of their application, and these were 


WATER POWER September 1961 








tested in two concurrent series of trials, carried out 

on site by the consultants, and by the CEGB at their 

Leatherhead laboratories. 

The selected materials were then applied by the 
manufacturer’s representative. The test paneis were 
of heavy-gauge mild steel, measuring approximately 
10 by 15 in, and were shot blasted to a white finish 
with 24 gauge or similar crushed iron grit. Each 
material or system was applied to a number of panels, 
and in each series one panel was dampened with 
water before being given to the applicator. The 
coated panels were immersed in streams by means of 
a special rack. The panels were exposed to the same 
water that would exist in the tunnels, though the 
velocity and pressures were different. Panels coated 
at Leatherhead were subjected to a series of labora- 
tory tests designed to establish bond strength, abra- 
sion resistance, water permeability and other relevant 
qualities. 

E. & F. Richardson Limited submitted two systems, 
as follows: 

(a) Neoprene Adcora P7 primer, followed by a multi- 
coat brush application of Neoprene Adcora P6 
to give a nominal dry film build of 0-030 in. 

(b) Adcora A3 coal tar/epoxy coating applied in a 
multicoat application (by spray at Ffestiniog and 
by brush at Leatherhead) to give a nominal dry 
film build of 0-020 in. 

In the site tests, perhaps the most searching factor 
was the damage resulting from the high percentage 
of suspended solids in the streams in which the panels 
were immersed. At Leatherhead emphasis was placed 
on bond strength, and the adhesion obtained on the 
panels submitted by various manufacturers showed 
a very wide range from 200 Ib/in* to more than 1,440 
lb/in® in the case of Neoprene Adcora P6. 

Following these tests the Board carried out some 
further work on a larger scale to assess the practica- 
bility of a number of selected processes, in order to 
gain a better indication of the results that might be 
obtained in practice. Two 30-ft long sections of 9-ft 
5-in internal diameter steel tunnel lining were pre- 
pared by blast cleaning and coated with two systems. 

Some months later, tenders were invited from a 
short list of coating manufacturers, each tenderer be- 
ing asked to quote for two alternative systems. The 
Board awarded the contract for the Adcora A3 coal 
tar/epoxy system. It is believed by the manufacturers 
that the Neoprene system, which was believed to be 
one of the most successful systems tested, was rejected 
on the grounds of its somewhat higher cost. E. & F. 
Richardson Limited nominated in their tenders their 


associate company, Coating Contractors Limited, as ° 


applicators. 

At an early stage Coating Contractors Limited had 
considered the most suitable method of blast cleaning 
and coating; the type of work and the area involved 
(nearly 500,000 ft?) suggested some degree of auto- 
mation, although in the early stages open blast clean- 
ing and manual spraying in adjacent separately air- 
conditioned bulkheaded compartments were con- 
sidered. These methods were subsequentiy abandoned 
owing to the relatively low blasting rates that would 
be obtained, and design difficulties in connection with 
dust seals and cantilevering of the bulkheads involved. 
It was finally decided to blast by a vacuum blasting 
process, and a “train” for continuous operation was 
designed. 

The blasting and coating train, operating at present 


WATER POWER September 1961 


at Ffestiniog, consists of the following components: 

(a) A multistage transformer rated at 10 KVA and 
designed to transform an input voltage of from 
320-440 V three phase a.c. to a variety of oul- 
put voltages. This transformer also carries all the 
switchgear and contactors for the electrical cir- 
cuits within the tunnel. 


(b) Four vacuum blasting machines. 

(c) A blasting manipulator to obtain the travel on 
three vacuum blasting guns, the manipulator 
movement being powered by three }-h.p. elec- 
tric motors. 

(d) The spraying trol‘ey attached to the rest of the 


train is moved independentiy by winch, and car- 
ries two 5-gal and one 2-gal pressure pots, 2 
material heaters and a solvent pump, and two 
specially modified spray guns. 

The linear operating speed of the train lies between 
60 and 100 ft per day. 

Blasting and spraying are continuously carried out 
by day and night shifts. The blasting crew are respons- 
ible for priming by brush and no blasted area is left 
unprimed for more than 25 min. Blasting is under- 
taken in 3-ft wide circumferential bands, the whole 
train being winched upwards with a climbing hoist 
every 9 linear ft. The coating is applied manually by 
the hot-spray technique, the nozzle temperature of the 
coating being of the order of 150°F. The coating is 





General view of the leading end of the manipulator 
from the transformer trolley 


itself a catalysed material and has a pot life of the 
order of 20 min at this temperature, and for this 
reason each gun is fitted with a solvent flushing cir- 
cuit powered by a pneumatically operated pump. All 
materials and solvent hoses are of stainless-steel 
braided PTFE (polytetrafluoroethylene). The coating 
is applied in two coats giving a dry film build of 0-010 
in per coat, each coat differing in colour. 

Badly scaled areas are double blasted by reversing 
the manipulator on completion of its travel, until only 
a dead white finish is obtained. The coating is in- 
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spected in lengths of about 500 linear ft in the follow- 

ing manner: 

(a) For continuity, a wet sponge holiday detector 
employing a roller-type electrode damped wita 
distilled water is used, to which wetting agents 
and fluorescein have been added. The areas in- 
spected in this way can be readily seen. The holi- 
day detector is itself a “fail-safe” type of instru- 
ment, giving a continuous high-pitched note 
until discontinuity is detected. 

(b) For thickness, spot checks with magnetic thick- 
ness gauges are made, and a wider coverage is 
given by a preset eddy-current type thickness 
gauge. 

(c) For cure, solvent-dampened filter-paper discs, 

secured to the surface with magnets, are used. 

For bond, destructive cross hatching is em- 

ployed (the patches are made good subsequently 

by brush). 

Safety precautions are provided by a continuous 
gas detector, which is mounted on the spraying trolley 
at all times, and sampling gas detectors, which are 
employed at possible danger points from time to 
time. The highest solvent concentration established 
to date has been 44% of the lower explosive limit. 
CO, fire extinguishers are carried on the train, and 
the train itself is in direct communication with the 
site hut by field telephone. All hoisting wires are 
doubled with safety check wires attached to expand- 


(d) 


Further to our recent series of articles on trash- 
racks* we are now able to amplify the information 
then given with some details gathered from Ateliers 
Jonneret, Geneva, of their rack-cleaning machines. 
The Jonneret rack-cleaning machine is claimed to be 
the forerunner of all equipment of this kind in the 
world. It was in fact in 1910 that the first mobile 
mechanical rake was put into operation at the 
Chévres power station on the Rhone, close to Geneva. 
This machine cleared the upstream face of the rack 
of the trash that clogged it, but did not clean the 
spaces between the bars. About 1921, Jonneret patents 
described a new type of suspended rake carriage, with 
movable teeth engaging actually between the bars. 
The prototype of this, which was also installed on the 
Chévres power station on the Rhéne, close to Geneva, 
had a considerable influence on the power production 
at the station; for not only did it clear the racks of all 
trash, but the weight of its carriage enabled it to coun- 
teract the silting up at the bottom of the racks, an 
improvement which, it is said, had never been 
achieved before. This machine might still be in service 
if the building of the Verbois station in 1944 had 
not submerged the site in the new reservoir. 
Improvements in details resulted in improved per- 
formance, and at the same time the size and weight 
of the rake carriage were adapted to the ever-increas- 
ing size of the plants being built and to the large 
variety of intakes, some of which were very deep. 














* “Trashracks and Raking Equipment,’’ by Thaddeus Zowski, WATER 
Power, September and October, 1960 
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Jonneret Rack-Cleaning Machines 








One of the three blast guns operated by the blasting 
manipulator. Each gun cleans a 125° band 3 ft wide 


ing A-brackets within the tunnel. 

This information has been provided with the per- 
mission of the Central Electricity Generating Board. 
The civil-engineering consultants for the two projects 
are Messrs. Freeman, Fox and Partners and Messrs. 
James Williamson and Partners. 






Since 1935 a Jonneret machine with a travel of 120 m 
has been operating at the Vintrou intake. Concur- 
rently the electrical equipment of Jonneret machines 
has been improved. A comprehensive control desk 
makes operation convenient and protects the rake car- 
riage from all dangers arising from even the most 
troublesome debris. Safety devices ensure that the 
machine stops at each incident, and the apparatus is 
said to be capable of working for several days on end 
and in the most trying circumstances of rain, frost, 
storms or violent floods. 

The rake carriage had by now taken the shape of 
an inverted U, found to be very favourable for collect- 
ing the trash, and its double-hinged trash scoop in 
constant contact with the racks gave the maximum 
penetration of the teeth between the bars (Fig. 1). This 
type was much used during the period following the 
last war in the large hydro-electric development pro- 
grammes that made good the power shortage existing 
at that time in Europe. Already more than 200 
Jonneret rack-cleaning machines were in existence, 
reaching as far as Central Africa and South America. 
The power of the main hoist exceeded 30 h.p. for 
large machines, with a two-speed motor to enable the 
carriage to penetrate deeply into the beds of trash. 

However, it was in 1953 that an entirely new feature 
was introduced in the Jonneret machine—a carriage 
of the grab type. This device positively grips the 
debris and is stated to make the power of extraction 
two to three times greater than with the old system, 
with equal overall size of machine. Precise measure- 
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Extreme care 
is one of 
the reasons... 


NOHAB use ultrasonic investigation 
to guard against hidden faults in their 
turbines. The picture shows testing 
of blades for a Kaplan runner. 

This extreme care is one of the 
reasons why NOHAB have obtained 
so many large orders — for example 
the BAYGORRIA in Uruguay — see 
drawing of runner — the FURNAS in 
Brazil and STORNORRFORS in Swe- 
den. Both the latter exceed 200,000 
HP per turbine. 

Have you contacted NOHAB about 
your project? 


NYDQVIST & HOLM AB- TROLLHATTAN - SWEDEN 


Cables NOHAB Telex 5284 Phone 18000 
Subsidiary for turbines in Canada: NOHAB CANADA LTD. Montreal and Toronto 
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Wherever the going is tough 


you’ll find an FIML 0 


Tough conditions call for tough equipment—Eimco equipment. 








Whether it is a tunnel to be driven against the clock or a furnace 
to be repaired in a hurry Eimco loaders speed the job, cut costs 


and keep on loading no matter what the conditions. 





if YOU have a tough job you can’t beat an Eimco. 







EIMCO (GREAT BRITAIN) LIMITED 


HEAD OFFICE: TEAM VALLEY, GATESHEAD 11, CO. DURHAM. ‘PHONE: LOW FELL 7-7241. 
LONDON OFFICE: PRINCES HOUSE, PICCADILLY, W.1. "PHONE: REGENT 2184 
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ments have shown that ceriain Jonneret grab-type 
machines have extracted more than 100 m* of trash 
per day, and this was achieved during floods lasting 
several days on end. The grab-type carriage cleans 
the racks and collects the trash in the grab during its 
downward travel and thus, with all its weight and 
not only that of the grab, cuts a deep path in the 
thickest accumulations of debris (Fig. 2). A system 
of levers gives it a positive grasping force on the 
bodies extracted and prevenis them from falling back 
during the upward travel. Its gripping action is in- 
creased by the weight of trash already collected in the 
grab. Further it can pick up by itself large bodies 
such as tree trunks and stumps (Fig. 3). 

Nearly 350 Jonneret machines of all types and sizes 
were in service at the end of 1960. Some of them are 
small automatic rakes protecting low-flow intakes, in 
chemical works, cloth mills, paper mills or steam sta- 
tions (Fig. 4). On the other hand, Jonneret grab-type 
machines are in use on large run-of-the-river plants 
on rivers like the Rhine or Rhéne. This type was 
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Fig. 1. U-shaped rake carriage 
with double-hinged trash 
SCOOP 

Fig. 2. Jonneret positive grab 
in action. Note the “path” cut 
in the debris 

Fig. 3. Lifting a tree stump 
Fig. 4. An industrial installa- 
tion 

Fig. 5. Jonneret rack-cleanineg 
machine at Kariba 


~~ 


— 
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chosen for Kariba on the Zambesi, where the travel 
of the carriage has created a new record of 133 m for 
the temporary intakes, and 81 and 52 m for the final 
intakes (Fig. 5). 

During a recent visit to Switzerland we had the 
opportunity of seeing several Jonneret machines, in- 
cluding two in action at the intake to Lavey power 
station. One of these machines was of the older design 
having a bucket as depicted in Fig. 1, and the other 
was equipped with the latest grab-type bucket. Both 
of these machines functioned excellently, and a large 
tree stump which obligingly presented itself at the 
psychological moment was removed by the grab-type 
machine with the utmost ease. 


Wellpoint Dewatering. The Blaw Knox Limited 
system of wellpoint dewatering, known as “More- 
trench,” is graphically described in their catalogue 
number 325, obtainable from the company at Short’s 
Way, Rochester, Kent, England. 
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Power Stations 
and Substations 





Secheron Works Co Ltd, Geneva, 
the specialists in the electrotechnical 
field, supply all kinds of equipment 
for complete power stations and 
substations : 


High capacity A.C. and D.C. motors 
and generators. Power transformers 
of all sizes and voltages. Automatic 
regulators for various types of 
controls. Pumpless mercury arc 
rectifiers, semi-conductor rectifiers. 


Further lines of production: Electric 
traction equipment, Welding sets and 
electrodes. 





G 1148 





S.A. des Ateliers de Sécheron, Geneva 21, 
Switzerland 





61 WATER POWER September 1961 














Abstracts from the 
World Technical Press 


Automatic Intakes at High Altitudes 

The Vouasson automatic water-intake system des- 
cribed in this article, and which was incorporated in 
the Grande Dixence development, collects the waters 
of the Merdesson stream in the narrow Vouasson 
valley. The works are sited at an average altitude of 
2,500 m, a three hours’ climb from the Grande 
Dixence dam, and difficulty of access therefore made 
full automation essential. A peculiar feature of this 
intake is that it entailed the separate tapping of the 
three main branches of the stream upstream from 
their confluence. This was largely owing to the topo- 
graphy and geology of the site, but was also justified 
by the fact that each of these three branches dis- 
charges at a sufficiently steep gradient to preclude the 
blocking of the screens by large stones. The head- 
waters of the Merdesson are divided into a total of 
five branches, of which Nos. 3 and 4 could be easily 
diverted to No. 2, thus reducing the number of intakes 
required to three. Each intake is equipped with an 
adequately large screen for the summer discharge. 
and with a special winter inlet; in addition, Nos. 1 and 
2 have an upstream cofferdam and a bypass for use 
during maintenance work on the intake. These emer- 
gency structures are not provided on the No. 5 stream, 
which, being exposed to the fall of large blocks of 
rock, is protected by exceptionally large and fairly 
low side walls with a very steep inside slope. The 
main feature of the intakes is their screens; as the 
sand trap had to work automatically, screens requiring 
very little control were required. The material trans- 
ported by the streams consists mostly of sand and 
small gravel. Bar spacing has been increased to 11 cm 
to pass pebbles, so that the possibility of the screens 
becoming blocked is considerably reduced. Experi- 
ence gained in actual practice, however, led to the 
subsequent selection of screens with variable bar 
spacing; all bars are now supported at both ends and 
held in position by two comb-like cross-bars, which 
prevent the bars from lifting, and also secure the spac- 
ing at which they have been set. The cross-bars are 
each fixed on an angle section by means of two screws 
so that, when required, they can be replaced in about 
an hour by two other cross-bars with a different spac- 
ing. The longitudinal slope of the screens varies be- 
tween 35% at the No. 1 stream, and 50 and 65% at 
Nos. 2 and 5 respectively; the minimum gradient of 
the tunnel leading to the sand trap is 13%. The auto- 
matic sand trap is of the intermittent-flushing type; 
the material collects at the bottom of a settling tank, 
and is then discharged to the stream bed downstream 
of the intake at each flushing. While flushing is in 
operation, the sand trap empties itself and stops feed- 
ing the Vouasson-Dixence tunnel. As this sand-trap- 
ping system is intended to act, to some extent, as a 
kind of experimental prototype for future installa- 
tions, it has been provided with two automatic flush- 
ing devices, both operating either at different times or 
simultaneously but always independently of each 
other. In one system, derived from the Douves Blan- 
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ches (Grande Dixence) and Aussois sandtraps, the 
flushing stream is released by a float-actuated “prod- 
der” acting as a sand-layer detector; in the other, 
the blocking of a vertical bellmouthed suction pipe 
by the sand accumulating in the inlet tank induces 
the opening of a valve, which actuates the flushing 
system. From the observations made during the sum- 
mer of 1959, during which the Vouasson intake 
passed 4-4 million m* of water, the installations 
worked satisfactorily and fully justified expectations. 
There were no large pebbles at No. 1, and only a few 
were found trapped in the screens at Nos. 2 and 5. 
It is now established that maintenance will require 
no more than one cleaning every month. The sand- 
traps themselves gave full satisfaction. A conspicuous 
advantage of the Vouasson intakes is that their sand 
trap operates exclusively with the help of the water 
available, without any water losses other than those 
due to flushing. (Roger Cottier, Bulletin Technique 
de la Suisse Romande, Vol. 86, No. 13, June 18, 1960, 
p. 237, 6 pp., 7 ff.) 


Stabilising Dam Abutments with Concrete 
Pins 

The Kukuan hydro-electric project in the central 
mcuntains of Formosa includes an arch dam, the site 
of which, in a vee-shaped gorge, contains sandstone 
and quartzite strata ranging from medium to massive 
thickness, which are interspersed with thin layers of 
slate. The dip of the strata on the right abutment is 
about 60° and they extend upwards from the river 
bottom to a height of 1,300 ft. Before excavating to 
sound rock, the rock strata above had to be sup- 
ported. A description is given of the procedure 
adopted after large-scale rockbolting had been tried 
and found too expensive. First, short tunnels 5 or 6 ft 
high by 5 ft wide were driven at about 30-ft centres 
through the rock strata above the top of the dam to 
depths varying between 20 and 50 ft. Old rails were 
placed in these holes to reinforce the concrete which 
was subsequently used to fill the adits. Steel grout 
pipes were placed in the crown and floor of the tun- 
nels with outlets at all large cracks and fissures in the 
rock, and low-pressure grouting was carried out after 
the concrete had set. These reinforced-concrete “pins” 
saved the trouble of digging out all the poor-quality 
rock in the abutment above the excavation for the 
dam proper. This article also contains a short descrip- 
tion of the project, on which work started in 1957 
and which was scheduled for completion in 1961. (A. 
E. Niederhoff, Engineering News-Record, Vol. 165, 
No. 16, October 10, 1960, p. 45, 3 pp., 3 ff.) 


Voltage Regulation of Large Synchronous 


Generators 

It is well known that generator-excitation voltages 
must not only cover the normal range of excitation 
but must assume high positive values for forced ex- 
citation and high negative values for counter-excita- 
tion. Furthermore the changes must be effected very 
rapidly as otherwise a large part of the effect of 
forced or counter-excitation is lost. This article de- 
monstrates that these requirements can no longer be 
adequately satisfied for the increasingly large genera- 
tors of today with conventional voltage regulators. 
The author then goes on to describe a regulating sys- 
tem devised a few years ago, involving an amplidyne 
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rotary exciter and a contactless transductor regulator, 
which has been operated under realistic conditions 
at, among other stations, the Rosshaupten hydro 
station of the Bayerische Wasserkraftwerke (see 
WATER Power, January 1959, p. 5). The theory of 
the amplidyne is clearly given, and its advantages of 
high gain and small time constants are demonstrated. 
A description of the transductor voltage regulator, 
which works without contacts or moving parts, is 
given and the various methods of operation in con- 
junction with the amplidyne are presented. The 
article concludes with a brief account of the be- 
haviour of the system under test conditions; a case 
is cited of a load of 28:5 MVA at 0°65 p.f. being re- 
jected. Voltage regulation was completed in about 
2:2 sec, although the frequency of the generator and 
main exciter rose from 50 to 72:5 c.p.s. (Hans Junior, 
AEG Progress, No. 1, 1960, pp. 39-49, 21 ff.) 


Sealing Small Earth Dams 

This is an account of one of the items of research 
work sponsored by the Water Research Foundation 
of Australia. In this instance the investigations deal: 
with the problems involved in the use of plastic 
membranes to control seepage losses from earth 
dams. Most tests were carried out with polythene 
films, and a few were conducted on a more recently 
developed vinyl film. Mechanical and weathering 
properties of the films were investigated, various 
methods of testing were studied, and specialised 
equipment was designed and manufactured. (Aus- 
tralian Civil Engineering and Construction, Vol. 2 
No. 6, March 3, 1961, p. 62.) 


Cavitation 

In the first instalment of this article, the author, who 
is Professor of Civil and Hydraulic Engineering at 
the Indian Institute of Science, deals with the incep- 
tion of the phenomenon, which is first briefly des- 
cribed. Three main types of cavitation bubbles, and 
six patterns of cavitation, as classified by the labora- 
tories of the Institute are defined. These six patterns 
are: sheet, vortex and steady-vortex cavitation, single 
cylindrical long bubbles, unsteady non-stationary 
cavities, and sonic cavities. Further paragraphs give 
the life history of single moving cavitation bubbles 
and a comparison of fixed and free bubbles, and 
review the factors governing the inception of cavita- 
tion: tensile strength of the liquid, nuclei content, tur- 
bulence and boundary layer, physical properties of 
liquids, and presence of foreign substances. This is 
followed by a detailed description of the testing 
assembly set up at the Institute’s laboratories and a 
survey of the experimental investigations carried out, 
results of which are plotted on 16 graphs. The second 
instalment is devoted to the effects of cavitation dam- 
age. The author first lists these various effects, and 
then proceeds with the classification of the various 
theories of cavitation damage: mechanical, thermo- 
dynamic and instantaneous chemical action. electro- 
chemical corrosion, and other theories. The relative 
resistance of materials to cavitation damage is given 
in a number of tables, and the experimental proce- 
dures followed in these laboratory studies are des- 
cribed in great detail. Experiments were effected with 
cement, concrete, stone, wood and other materials 
us2d in civil-engineering construction. Generally the 
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results established that cavitation damage is inversely 
proportional to the compressive strength of the 
material. The effects of the duration of the test, the 
initial surface roughness, and the hydrodynamic fac- 
tors, such as pressure coefficients, velocity, and Rey- 
nolds Number, are then discussed. A new number. 
called the “Cavitation Damage Number” is suggested 
as a measure of cavitation damage likely to occur in 
a specimen. (N. S. Govinda Rao, /rrigation and 
Power, Vol. 17. No. 4, October 1960, p. 516, 28 pp.., 
26 ff.; Vol. 18, No. 1, January 1961, p. 22, 32 pp., 
17 ff., 28 tables.) 


Testing Foundation Soils 

This paper summarises the penetromeiric research 
work carried out to ascertain the suitability of foun- 
dation soils in Italy in the Mestre region. The Delft 
penetrometer and its mode of application as a testing 
instrument are described. This practical way of testing 
soils supplies rapidly data on type. consistency, coeffi- 
cient of internal friction and compressibility. For in- 
stance, it becomes possible to ascertain the most suit- 
able type of foundation, its size and the depth to 
which it should extend. By this method, the civil engi- 
neer is enabled to solve foundation problems correctly 
and economically. The results obtained from a range 
of tests are reported and analysed. and compared 
with those of laboratory investigations. The research 
work reviewed was carried out in co-operation with 
the National Research Council. (Dott. Ing. Renato 
Bucchi, Techuica Italiana, Vol. XXVI1, No. 2, March 
1961, p. 93. 16 pp., 19 ff., 6 tables). 


CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order :o avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


POWER-HOUSE SUPERINTENDENT 


Superintendent of power plant located in Iran. Must be 
university graduate, with degrees in Electrical Engineering 
preferred, or have the equivalent in engineering experience. 
Should have at least two years’ experience as service operator 
in hydro-electric power house. Working knowledge of plant 
equipment necessary. Complete responsibility for disassembly 
repairs and reassembly of major equipment. Salary com- 
mensurate with ability. Living allowance and other fringe 
benefits. Eighteen to twenty-four month contract. Send com- 
plete detailed resume of experience and qualifications to 
Personnel Department. 

HARZA ENGINEERING COMPANY, 
400 W. Madison St., Chicago 6, Illinois. 


EDITORIAL ASSISTANT 


A QUALIFIED ENGINEER will shortly be required 
as editorial assistant to this journal. His qualifications and 
experience should preferably be in civil or hydraulic engi- 
neering or in corresponding laboratory work. Previous 
journalistic experience would be an advantage but is not 
a requirement. An aptitude for technical writing, however. 
is essential and some knowledge of languages would be an 
asset. The right candidate would be trained with a view to 
the eventual editorship. Applications should be addressed to 
The Editor, WATER Power, 33 Tothill Street, Westminster. 
London, S.W.1. 
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Ten Kaplan type turbines, each expected to produce 157,000 

horsepower under 87 feet head, are now being completed by 

Dominion Engineering for the Wanapum Project on the Columbia River 
for Grant County Public Utility District No. 2, in the State of Washington. 
The pictures at the right show a turbine shaft being machined and a 

runner blade being pre-welded with stainless steel at Dominion 
Engineering where complete engineering design and hydraulic model 
testing were carried out. At the left, a pit liner is shop-assembled with 

a stay ring shipped to Willamette Iron and Steel Company, Portland, 
Oregon, sub-contractor for plate steel, and other parts. 


Hydraulic Division 


VOMINION ENGINEERING 


COMPANY LIMITED 

P.O. Box 220, Montreal, P. Q. 
Toronto 

Vancouver 
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105,000 kVA Water-Wheel Generators 


GR 
a 


% 


an Be> eae come cee S80 
Bl 


if moe eee 
Gia = ——| | 
Ee 


ee 
<a 


A LOT OF LIFE’S 
COMFORTS START AT 


MITSUBISHI ELECTRIC 


When you think of giant generators, you rarely think of their vital 
part in making this world a more comfortable place to live in. 
Yet Mitsubishi Electric’s great generators and transformers, plus 
many large and small home appliances all do just that 

every day in countless ways. Backed by a long history of outstand- 
ing achievements, distinguished by the famous Mitsubishi Brand. 
Do think about it the next time you see the THREE DIAMONDS 
on an electric appliance. 


MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 
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HIGH VOLTAGE INSULATORS 


Overhead line insulators 

* Switchgear post insulators 
Transformer bushings 

Insulators for railway electrification 


Custom-made porcelains 
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STEATITE AND PORCELAIN PRODUCTS LTD. 


STOURPORT-ON-SEVERN, WORCS. TEL: STOURPORT 2271 GRAMS: STEATAIN, STOURPORT 
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IN THE MANAGER’S OFFICE... . 


. Production is planned, decisions are made 





THE TALK is of rising labour costs and falling prices, 
of bigger output and increased mechanisation, 

of new methods and modern equipment. 

Can they afford to scrap the old equipment 

and install the new? 

Or rather . . . Can they afford not to? 

Never before has the manager had available 

such good tools and so many of them 

to help solve these problems. 


ON THE MANAGER’S DESK... 


... “MINE AND QUARRY ENGINEERING” is relied upon 
to keep him informed of new methods of production 
and the latest technical progress. 

When he buys new plant and equipment 
its advertisement pages exert a continuous influence 
and act as a persistent reminder. 


MINE & QUARRY ENGINEERING 


33 TOTHILL STREET * LONDON ° _  S.W.1. Telephone: WHItehall 9233 





++ mining and 


quarrying 
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PATENTED 
OSSBERGER 
WATER TURBINES 


Specially suitable for econo- 
mical utilization of fluctuating 
waters 











Range of application 

for heads: 1-100 m 

Water supply: 

10-4000 litres/sec 

Output: up to 500 HP. per unit 


Supply of 
complete 
small-sized 
hydro-electric 
power 

plants) 


| OSSBERGER - TURBINENFABRIK 


| WEISSENBURG IN BAVARIA - TELEPHONE 2362 




















horizontal Pelton Wheel 
driven Generator. Shaft dia- 
meter 21 inches, R.P.M. 428, 
Journal load 51 tons. 


MICHELL BEARINGS 


| 
| 
| 
The original pivoted pad film lubricated | 
bearings. They carry loads with complete | 
reliability and efficiency with downright 
simplicity for all Hydro-Electrical installa | 
| tions, and for Marine, Mining, Paper- | 
Making Machinery and other requirements. | 





Typical journal Bearing for 
| 
| 
| 
| 


| MICHELL BEARINGS LTD. 


SOUTH BENWELL NEWCASTLE UPON TYNE 5 
Telephone 34279 | 


Telegrams : MICHBEARO, NEWCASTLE 
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NEYRPIC 


has proved these 
current meters 





The DUMAS-NEYRPIC magnetic 
drive current meter is designed for 
measuring the flow velocity of fluids 
and is suitable for any of the 
gauging procedures employed with 
hydrometric current meters. 


The meter can be fitted with a number 
of different propellers enabling a 
water velocity range of from 

0,03 m/sec. to 6m/sec. to be covered. 


Developed over a period of years 
by service with the manufacturer's 
own field teams, this meter has been 
fully proved for all applications, 
including flow velocity measurements 
under free surface conditions, 

in penstocks and in the open sea. 


The BEAUVERT midget current 
meter is designed for measuring flow 
velocities in conducting liquids, where 
it can cover a range of from 0.01 m/sec. 
to 2m/sec. It is particularly 

suited to the measurement of low 
velocities in small flow cross-sections 
and in cases where there 

are almost instantaneous velocity 
fluctuations. Again developed by the 
manufacturer's own operating staff, 
this meter is as well suited to model 
work in the laboratory as it is 

to measurements in the field. 


These instruments are manufactured 


by NEYRPIC 


NEYRPIC 
BP 52 - Grenoble 
France 

Tel 44-73-80 


79 


67 













CARBON 
SEALS 
PACKINGS 


for big Water Turbines 
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INGFA 
Stockholm 29 
SWEDEN 


Tel. 610290 








Telegrams: 








THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation and 
Railway News. Weekly 2s. Annually £5 by post 


DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in diesel-engine 
design and diesel railway traction. 
Monthly 2s. 6d. Annually 35s. by post. 


SHIPBUILDING AND SHIPPING RECORD 
A journal of Shipbuilding, Marine Engineering, Docks, Harbours, and 
Shipping. Weekly 2s. Annually £5 by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in production, 
trade, transportation, and related spheres in all countries of the 
Commonwealth. Monthly 2s. 6d. Annually £2 by post. 


COLLIERY ENGINEERING 
A practical journal for Colliery Managers and Engineers, and 
manufacturers of Colliery Equipment. 
Monthly 2s. 6d. Annually £2 by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical prob- 
lems involved in the production of coke and gas in coke ovens 
and gasworks. Monthly 2s. 6d. Annually 35s. by post. 


THE INDUSTRIAL CHEMIST 
A journal devoted tc the progress of applied Chemistry and 
Engineering. Monthly 2s. 6d. Annually £2 by post. 


woop 
A practical journal, authoritatively written, superbly illustrated, 
dealing with the growth, marketing and use of wood in all its 
forms. Monthly 2s. 6d. Annually 35s. by post. 


FOOD PROCESSING AND PACKAGING 
A journal devoted to the manufacture, packaging, and marketing of 
processed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 


WATER POWER 
A technical journal devoted to the study of all aspects of Hydro- 
Electric Development. Monthly 2s. 6d. Annually £2 by post. 


THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways and 
Locomotives. Monthly 2s. 6d. Annually 35s. by post 


MINE AND QUARRY ENGINEERING 
Articles of technical nature cover geology, modern methods of 
prospecting, the winning of ore and stone, the dressing of ore and 
minerals, and extraction metallurgy. 
Monthly 2s. 6d. Annually 35s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.1! 
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” Jeeuf : 
25% faster 
100 % automatic 


The continuous bicable ropeway at 
Jceuf, in the Meurthe-and-Moselle 
departement of France, is capable 
of carrying up to 260 metric tons 
per hour over a distance of 

1780 metres at a speed of 3.5 m/sec. 


Built in an unstable, mining area, 
where local subsidences of as much 
as two or three metres can occur, 
some of the structures are 

fully articulated. 


The Joeuf ropeway is fully 
automatic for all operations, 
including : 


Z 
Z 
J 
Z 
Z 
J 
Z 


s unlocking 

s pick-up by the shunting chain 

s emptying into the skip hopper 

= re-engagement with the 
hauling cable 

s unlocking at the lower station 

s picking up of empty buckets 


The exceptional possibilities of 
this equipment have been confirmed 
since it was put into service. 


This installation was manufactured 
by MEYRPIC. 


NEYRPIC 


Avenue de Beauvert - BP 52 
Grenoble - France 
Tél. 44-55-30 
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RIVER SEVERN 
CROSSING TOWERS 
500-FT. HIGH 


Main Contractors: J. L. Eve Construction Co. Ltd. 


By courtesy of Central Electricity Generating Board 


Tees Side Bridge 


& ENGINEERING WORKS LTD., 


MIDDLESBROUGH. TELEPHONE: 45501-6 
LONDON OFFICE: 56 VICTORIA STREET, S.W.1. TEL: ABBey 1613 
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Bochumer Verein - 

producers of large 
Steel Castings ; 
and Forgings 








High Quality 
Steel Components for Water Power Plant 
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Steel castings and forgings in straight carbon and alloy steels form an 
important part of our production programme. No design is too intricate for 
us, and we can supply castings up to 400 tons black weight and forgings 
up to 150 tons ingot weight. 

Our BV VACUUM STEEL is specially suited to highly stressed and heavy 
components. In addition, we manufacture structural steels in the form of 
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rolled, drawn or forged bars. 
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132-kV 


M 6SHUNTARC BREAKERS BY AEI 


Oil circuit breakers for 132-kV service with all three phases in one 
tank are to be supplied by AEI to the Central Electricity Board, 
Malaya, for the Cameron Highlands Hydro-Electric Scheme. Fifteen 
132-kV. 2500-MV A-Type ‘JB.431’ oil circuit breakers are to be installed 
at Jor Power Station and Rawang Substation. 


For further details concerning JB Switchgear, contact your local AE/ Office or write direct 
to AE! Switchgear Division Willesden Works, Neasden Lane, London, NW10 


Associated Electrical Industries Limited 
Switchgear Division 


TRAFFORD PARK, MANCHESTER. HIGHER OPENSHAW, MANCHESTER. WILLESDEN, LONDON 
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